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1 Introduction 


The purpose of this report is to provide a description of the existing conditions from a market, 
technology, and engineering perspective for the I-25, I-70 and secondary corridors being assessed as part 
of the Rocky Mountain Rail Authority High Speed Rail Feasibility Study. Exhibit 1-1 defines the primary 
and secondary corridors. The report assembles the basic data and information being gathered for the 
study, and provides the initial input and building block for the Interactive Analysis and evaluation 
assessments that will be used to identify the most effective routes, technology, operating approaches, and 
markets for a high speed train operation. 


Exhibit 1-1: RMRA High Speed Rail Feasibility Study Corridors 


WYOMING \ 
crerreessuerarstetaacseseeuevansersennaanaeenobeerereess® 
‘ 


STEAMBOAT 
SPRINGS 


CASTLE Rock 


COLORADO 


1 25 Corridor 


TEMS, Inc. / Quandel Consultants, LLC October 2008 1 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


2 Market Analysis 


2.1 Introduction 


The state of Colorado represents the boundary between two of the most significant geographic regions of 
the U.S. Its eastern side reflects the western edge of the “great plains” with its “seas of grasslands,” and 
its strong agricultural tradition for raising cattle and growing wheat, alfalfa and “cash” crops. The 
western side reflects the eastern edge of the Rocky Mountains or the eastern most fringe of the “Western 
Cordilleras”. 


In the opening up of the country (state), the Rockies had been a region to avoid with westward bound 
wagon trains heading north or south on the Oregon and Santa Fe trails rather than trying to penetrate the 
very high mountain ranges that suddenly confronted the west bound wagon trains. See Exhibits 2-1 and 
2-2. 


Exhibit 2-1: Old Oregon Trail 
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Source: http://en.wikipedia.org/wiki/Image:Oregontrail_1907.jpg 
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Even with the advent of the railroads, the Rockies remained a barrier given the steepness of the gradients 
and the narrowness and curves of the canyons that have to be followed. These same problems face even 
the modern highway, and the ongoing I-70 PEIS study is still confronting these issues. It is only on 
reaching Glenwood Springs beyond the Glenwood Canyon that the I-70 corridor opens up as it falls to 
under 6,000 feet and follows the Colorado River west. See Exhibit 2-3. 


Exhibit 2-3: Rocky Mountain Profile 
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Source: TEMS, Inc. 


As a result of its difficult terrain, the Rocky Mountain region was slow to develop. After an initial period 
as a fur and hunting area, it was gold finds that finally attracted people to this mountainous region. 
Eventually, the region became famous for gold, silver, copper, and rare ores like zinc and molybdenum. 


As a consequence, Denver and the Front Range cities became a staging center for mining activities in the 
Rockies as narrow gauge railroads and trails were built into the Rockies, and as an agricultural center for 
the eastern agricultural areas. Denver became a transportation, wholesaling and administrative center. By 
1950 seven railroads converged on the city from Chicago, St. Louis, Kansas, Memphis, and Fort Worth in 
the east, and from Los Angeles and Seattle on the Pacific Coast. See Exhibit 2-4. These railroads 
eventually merged into the UP and BNSF railroads that serve the city today. Denver also became a major 
transcontinental trucking center acting as a subdistribution center for Kansas City and Chicago. 
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Exhibit 2-4: City of Denver’s Connectivity to Markets and Ports 
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Finally, since the 1960’s the mountains that had provided such a barrier to the western part of the state 
began to develop as a significant economic engine with the advent of the tourist industry. While 
Colorado Springs with the lofty Pikes Peaks (14,000 ft.), and the Garden of Gods has long been an 
important tourist center, the opening of ski and summer resorts in the Rockies attracted a newer, younger 
tourist anxious to ski, mountain bike, hike, kayak, fish, and enjoy the local environment. 


Today the tourists are drawn from out of state as well as from in state. Tourists come from California, 
Texas, Florida, and New York as well as Midwest and western states. Over 28 million overnight visitors 


and 21 million day trippers enjoy the state’s amenities each year. See Exhibit 2-5. 


Exhibit 2-5: Overnight and Day Trips to Colorado in 2007 


Total Colorado Overnight Trips (1-way) = 


28.0 Million 
Overnight Business 
4.0 Million 
(16%) Overnight Leisure 
24.0 Million 
(84%) 


Total Colorado Day Trips (1-way) = 21.5 Million 


Denver Metro 
6.1 Million 
(28%) 


Other Colorado 
15.4 Million 
(70%) 


Source: Longwoods International Colorado Travel Year 2007 


Of the 28 million overnight trips, only 33 percent are by Colorado residents, whereas 81 percent of the 
day trips are by Colorado residents. One of the key resident and tourist activities is skiing, and over 12.5 
million skier visits are made each year to the over 24 ski resorts statewide. A skier visit is defined as a 
skier skiing for one day in one area. This means that at least 11 million ski trips (2-way) are made by local 
residents and 3.8 million trips (2-way) by visitors to Colorado, giving a total of nearly 15 million trips. See 
Exhibit 2-6. 
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Exhibit 2-6: Colorado Skier Visits <<) 


colorado 


SKI COUNTRY USA 
1998-99 1999-2000 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 
Destination Resorts 
Aspen Highlands 142,090 127,389 140,640 136,136 157,317 160,836 167,390 193,242 193.648 211,635 
Aspen Mountain 334,536 331,121 319,343 310,381 315,130 298,830 304,495 | 324.465 328,002 337,774 
Buttermilk 178,089 158,194 148,826 145,683 141,077 139,213 148,012 159,081 153,957 154.926 
Crested Butte 462,478 414,642 367,263 336,483 342.416 333,011 375,936 411,729 366,765 
Cuchara 21,678 32,154 |DNO DNO ONO ONO ONO ONO DONO 
Durango 304.735 235,000 321,600 250,500 263,712 268.486 278,767 211,003 251,794 
Howelsen Hill 14,475 14,000 14,000 15,208 14,000 16,526 18,423 17,054 
Silverton Mountain DNO DNO DNO : x 3,900 
777,140 |__707,600 |__740,241| __676,505 | _ 669,701 | __724,752 747,29 __768,007 | 
i 1,001,003 


889,812 917,863 
Breckenridge _ |__1,385.927_ | 1,422,783 | __ 1.468.518 
Coppe 867,394 1,005,913 
1,253,192 | 1,192,198 |__ 1,230,100 | 1,069,111 | 1,038,942 | __ 944,433 | 1,021,069 | 1,093,939 
1,334,939 | 4,371,702 | 1,645,902 | _ 1,536,024 i 1,568,192 | 1,676,119 
Winter Park 980.408 | __902,827 | __978,539 | 975,256 : 955,615 [1,077,001 | 


Total Front Range Destination| 6,436,409 | 6.300.408 | 6,946,740| 6,712,778 | 6,849,814 | 6,557.301| 6,912,651| 7,473,578| 7.373,588| _7,182.456 


275,428 328,892 326,428 360,247 430,897 


Echo Mountain F 23,073 


‘Eldora 175,930 | 220,785 283,741 | 260,000 | |__305,030 | —786 017 
Loveland 230,333 225,896 209,757 B 280, 
175.173 


61,394 


78,010 
Total Gems/Front Range) rem 
Destination| 1,120. 122, 143, 031, 298. 1,169,270 | 1,262,457 | 1,335,632 | _1,384.486 1,492,720 

10 


1,389,561 0 3 2 128,131 14 777 11,250,761 2 08 12 9 
# Increase/Decrease (590,158)|__ (497.298 774,409 (538,541 477.646 | (355.016)| 565.436 716,911 33.191 25.696) 
% Increase/Decrease 4.93% 4.37% 7.11% 462% 4.29% 5.03% 6.07% 0.26% -0.20% 


11 11,816,197 


12,540,603 


Source: Colorado Ski Country USA, http://media-coloradoski.com/cscfacts/skiervisits/ 


In this environment it is not surprising that the state of Colorado has a very distinctive settlement pattern 
with major cities like Denver, Colorado Springs, Pueblo, and Fort Collins tucked up against the Front 
Range of the Rockies and forming a corridor from Cheyenne in the north to Trinidad in the south along 
which I-25 was built, and along which BNSF and UP have major rail routes. East-west transportation 
options remain more limited with only one major interstate (I-70), and four lesser routes; US-40, US-50, 
US-24 and US-285. Equally, there is only one rail route (UP via Moffat Tunnel) penetrating the mountains 
to the Pacific coast. However, both of these rail and highway routes face problems. As a result, UP prefers 
lower gradient and less curvaceous routes to the north and south, while I-70 includes some tight curves 
and capacity limitations as it winds its way through the Continental Divide, Vail Pass, and Glenwood 
Canyon. Recent studies such as the recent I-70 PEIS, which evaluated the eastern end of the I-70 corridor, 
show the future dilemmas that will exist as traffic to the rapidly growing resort areas in the mountain 
expand. From these studies it can be seen that traffic is reaching capacity on I-70 at some critical locations, 
and that investment in added transportation capacity will be expensive but critical in the tourist centered 
area from Golden to Vail, as well as in the energy impacted areas from Rifle to Parachute. 
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2.2. Demographics and Settlement Pattern of Colorado 


The demographics of Colorado are very much a reflection of its history. The eastern half of the state has 
an agricultural base focused on ranching and growing wheat, alfalfa hay, and other cash crops. As such, 
its population is widely spread with a low density per square mile. The western half of the state is even 
more sparsely populated, reflective of the difficult terrain of the Rockies. See Exhibit 2-7. 


Exhibit 2-7: Colorado Population Density 


Population Per Square Mi 
by County 
[BB 10,000 to 99,999 
(0) 1,000 to 3,999 
100 to 999 
10to 99 
1to9 


i aitoos 


WE 0.01 to0.09 


Source: Microsoft MS MapPoint 2006 demographic data provided by Applied Geographic Solutions. 


At the base of the Rockies along the Front Range the need for market centers to support both the 
“mining” and “ranching” halves of the state resulted in transportation, warehousing, and administrative 
towns and cities from Fort Collins in the north to Trinidad in the south. Cities like Denver and Colorado 
Springs became major urban areas initially to support the regional economies of the east and west, but 
now to support the “new economy.” The new economy includes high-tech service and manufacturing 
industry and most importantly the tourist industry. The tourist industry, which was valued at over $9 
billion in 2007, overlays the more traditional activities of the Rockies. Today Colorado is the 17th tourist 
state in the U.S., and first in terms of overnight ski trips. The Rockies have over 35 winter recreational 
areas’ with a large number being developed either side and close to the I-70 as it cuts through the Rocky 
Mountains. As a result, both Denver and Colorado Springs have developed an infrastructure and 
population to support the tourist industry. Key attractions in Colorado Springs include “Pikes Peak”, and 
the “Garden of the Gods.” For Denver, I-70 opened up in the 1970’s a 150-mile corridor of ski resorts, 


1 Colorado Data Book. Colorado Office of Economic Development & International Trade. www.colorado.gov. 
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which also have summer activities such as mountain biking, hiking, kayaking, and fishing, etc. See 
Exhibit 2-8. 


In addition to tourism and high tech manufacturing, the last several years have marked a “new fossil fuel 
energy boom” on the Western Slope. In addition to the continuation of coal mining and power 
production in several Western Slope areas (Routt, Moffat, Delta and Gunnison counties), new oil, gas and 
coal bed methane exploration, drilling, and production have increased dramatically on the Western 
Slope. These developments have had a major impact on I-70, US 40, and SH 13 and local roads/bridges, 
including congestion and road deterioration due to the large number of multiple axle vehicles. 


TEMS, Inc. / Quandel Consultants, LLC October 2008 9 


Or 8002 1999PO 


ysas04 jeuoneH 
jeqes] ues 


jsai04 ) 
leudnen a>4I!d 


Aeydayes ; % som a 


reuonen 
Jaari ayUAA 


s6ursds 
poomua|5 


y$2104 jeuoneH OYyedesy.— ~ 
4asel4 t 
’ 


Busway 


Setvepgpven » 
ned ueipuy 


. yued euONeH 
ureyunopy A490y, 


Qe’. 


ySSs04 [eUOHeY Yanasooy) 


OT] ‘squeyNsuod Jepuend / uy ‘SWALL 


“WSN Anunog LYS Opesojo_ pur ‘ouy ‘SILL :20In0S 


jsa104 Pons : Kae | = 
reuonen aot oe "PC PYBINO 
i 780104 jeuoHeH 
esayy puesg 


IOPHLIOD 0Z-[ a4} Buoye syrosay PIS OperopOD :g-z HqryX| 


ywoday suoyipuoa suysixg 
Apnyg Ayyiqiseay [rey poods ystH 
AOYNY [rey ureyunopy AYoY 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


Furthermore, to support local business and the tourist resorts Denver opened in the 1990’s its new airport 
(DIA) some 20 miles east of downtown Denver. The airport has developed into a major hub facility with 
over 40 million enplanements and deplanements per year. Approximately 50 percent of the enplanements 
and deplanements are for local origins and destinations. The airport itself is now a major employment 
center, and the city of Denver has rapidly expanded eastward toward the airport, which is a major 
economic development node for the city. 


The population of the state’s largest urban areas is shown in Exhibit 2-9. These include the 12 largest cities 
of Colorado” with Denver, Aurora, Lakewood, Thornton, Highlands Ranch, Arvada, and Westminster 
being part of the Denver urban area or PMSA. Grand Junction is an MSA‘, even though it is not one of 
the top 12 cities. These urban areas contain more than 85% of the total state population/employment. 


Exhibit 2-9: Socioeconomic Data for Colorado Metropolitan Statistical Areas (2006) 


Per Capita 


# | Name Population Employment Unemployment Rate 
Personal Income 
1 | Denver PMSA 2,411,836 $44,691 1,638,281 44% 
2 | Colorado Springs MSA 602,496 $34,255 375,799 4.7% 
3 | Boulder-Longmont PMSA 288,125 $49,628 232,336 3.8% 
4 aaa 281,620 $35,397 190,105 4.0% 
5 | Greeley PMSA 235,366 $26,002 115,822 4.7% 
6 | Pueblo MSA 152,081 $26,363 75,490 5.7% 
7 | Grand Junction MSA 134,061 $30,746 83,742 4.0% 


Source: Bureau of Economic Analysis, Regional Economic Accounts, http://www.bea.gov/bea/regional/ and Colorado Department of Labor and 
Employment, http://www.coworkforce.com/ 


It can be seen in Exhibit 2-9 that in 2006, employment was strong in all the cities with unemployment rate 
at only around 4 percent in 2006. Pueblo’s unemployment rate was highest at 5.7 percent. 


In terms of income, Per Capita Income is highest in the Denver region with values of over $49,000 in 
Boulder-Longmont PMSA, and $44,000 in the Denver PMSA. Incomes are lower in Colorado Springs and 
Fort Collins MSA, and fall further in Greeley, Pueblo, and Grand Junction. The overall distribution of 
household income is given in Exhibit 2-10. 


2 Socioeconomic information can be found at www.city-data.com 
3 PMSA - Primary Metropolitan Statistical Area 
4 MSA - Metropolitan Statistical Area 
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The areas with the highest household income are located along the I-70 and I-25 corridors with household 
incomes ranging from $65,000 to over $120,000. As in the case of per capita income, Boulder and Denver 
MSAs (Metropolitan Statistical Area) have the highest average household income in Colorado. The I-70 
resort areas (Aspen, Vail, etc.) are second and are characterized by household incomes - between $75,000 
and $120,000. Away from the major urban areas and ski resorts, household incomes are lower with the 
lowest incomes being in the southeastern, eastern, and western parts of the state. 


2.3 Intercity Passenger Markets 


2.3.1 Highway Travel 


Intercity travel in Colorado is focused into two corridors. The first corridor reflects the initial need to 
avoid of the mountains and the development of the Front Range corridor along the I-25 from Denver to 
Trinidad in the south, and to Cheyenne in the north. The second corridor is the I-70 corridor that provides 
access to the Rocky Mountains and its tourist resorts. 


As a result, travel in the I-25 corridor reflects the business and commercial travel that has long been a 
product of the transportation, warehousing, and administrative functions of the I-25 cities. In contrast, I- 
70 is made up of tourism, social and sports travel to and from the multiplicity of resorts that lie along side 
1-70. 
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Exhibit 2-11: Statewide AADT Counts 
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AADT counts on I-25 are 20,000-30,000 trips each weekday rising to 50-100,000 near major cities, and over 
100,000 in cities like Colorado Springs and Denver. See Exhibit 2-11, 2-12, and 2-13. This traffic reflects the 
normal five-day a week, work and business purpose of travel. Weekend volumes on I-25 tend to be much 
lower than weekdays. On I-70, AADT counts are highest in the east between Denver International 
Airport (DIA) and I-25 near downtown Denver, but then fall off as the road moves west from over 
140,000 AADT at C-470, but on the edge of Denver the volumes fall after Central City and Blackhawk a 
major gambling resort to 40,000 AADT near Silverthorne having passed Winter Park and Breckenridge 
Ski and Resort areas. The AADT falls again after Copper Mountain Ski and Resort area with AADT levels 
at 20-30,000 in the Vail Pass. West of Vail the addition of Route US24 increases traffic for a short distance 
to 30-40,000 trips past Avon and Edwards. See Exhibits 2-12 and 2-13. Beyond Edwards, traffic falls to 
around 20,000 as far as Grand Junction. However, peak days on I-70 are on the weekend and traffic is 
lower on weekdays the reverse of the I-25 corridor. See Exhibit 2-14. 


Exhibit 2-12: AADT on I-25 and I-70 


AADT on 1-25 (2007) 
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Exhibit 2-13: AADT on I-70 


AADT on I-70 (2007) 
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2.3.2 Air Service 


With respect to air service in the corridors, there are commercial flights in the I-25 corridor from Denver 
International Airport (DEN), Colorado Springs (COS), Pueblo Memorial (PUB), and Fort Collins and 
Loveland (FNL). The most important of these airports is Denver and Colorado Springs with 24 million® 
and 1.7 million passenger trips, respectively, to outside the state (see Exhibit 2-15). 


Exhibit 2-15: Annual Air Travel between Colorado and the Rest of the U.S.° 


To Rest of the U.S. From Rest of the U.S. 


Denver (DEN) 12,055,139 12,028,078 
Steamboat Springs (HDN) 87,588 86,856 
Ft. Collins/Loveland (FNL) 25,510 27,953 
Eagle (EGE) 165,879 166,786 
Grand Junction (GJT) 82,861 81,977 
Aspen (ASE) 53,065 53,816 
Colorado Springs (COS) 847,182 849,023 
Montrose/Delta (MTJ) 43,778 44,017 
Gunnison (GUC) 14,899 14,689 
Pueblo (PUB) 1,301 1,302) 
Telluride (TEX) 4,237 4,026 
Cortez (CEZ) 12 4 
Durango (DRO) 34,655 34,667 
Alamosa (ALS) 49 45 


Source: Bureau of Transportation Statistics, www.bts.gov, Year 2005 


In the I-70 corridor key airports are Aspen and Pitken County (ASE), Eagle County (EGE), Grand 
Junction Regional (GJT), and Hayden/Yampa Valley Regional (HDN). See Exhibit 2-16. The flight 
information for travel between DIA and the other 13 commercial airports in Colorado is shown in Exhibit 
2-17.’ Flight time is about an hour and fares are very high. For example, Steamboat, Colorado and Eagle 
to Denver are more than $3 per mile. However, fares from Grand Junction, Pueblo and Durango are 
much more reasonable at about $1 to $2 per mile. 


5 Denver International Airport, as a hub for such major airlines as United, Frontier and Southwest, serves an additional 20 million 
connecting passengers each year, which are not included in Exhibit 2-14. Source: The Economic Impact of Airports in Colorado 2008. 
*According to the data from “The Economic Impact of Airports in Colorado 2008”, 45.2% of enplaned passengers in Denver are 
connecting passengers. 

’ Passenger counts in Exhibit 4-17 are only those who are beginning or ending their trip at DIA ,excluding connecting passengers 
who are traveling both through Denver, e.g., Chicago through Denver to Aspen. 40-minute flight time from DIA to both Colorado 
Springs and Pueblo are based on published airline schedules, retrieved November 2008. 
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Exhibit 2-16 Colorado Airports 


N }— 2 WY 
ee, m 
x 
bean x a 0 sacaes FORT COLLINS ND MUNI 
~ { cormumveace coun 
x MO : 
HAYDEW/VAMPA VACLEY RONL exons: 
= ~ cncwconsed ome 
ane — Cr 
x vere pe cwerswmcam | | nampa tora x a 
~ } acu 


sogihmreanasn 
— DENVER INTL 


a EMNOCD CRE Mee 


UT gees ASPENIPITKIN COUNTY , 
Lobeoun 
JUNCTION RGNL x x 
ee 
ak 7 asaves x canto: coucmasem 
ae aahoes » 
* : ~ 
Rr 
MONTROSE RGNL GUNNISONCRESTED BUTTE RGNL SA 
x (* * 
ven sate 
~ 
acase 
TELLURIDE RONL ” ~ 
(x) ~ 
wocbe couary mene 
wee 
herecneeteeumeare A 
~ ~ 
CORTEZ/MONTEZUMA saubanecdel fe 4 —— simainsieg 
we to asemas neraae on"? ALAMOSA/SAN LUIS RGNL 
~ 


) Commercial Service 
DURANGOILA PLATA COUNTY 


General Aviation 


Miles . interstate Highways 
0 WM 


Source: The Economic Impact of Airports in Colorado 2008 


Exhibit 2-17 Flight Information between DIA and 13 Commercial Airports in Colorado 


Frequency Passengers 
(flights per day) Fare (one way) | Travel Time (min) (per year) 
Steamboat Springs (HDN) 4 $ 822 46 4,400 
Ft. Collins/Loveland (FNL) N/A N/A N/A N/A 
Eagle (EGE) 3 $776 54 2,826 
Grand Junction (GJT) 10 $245 60 38,820 
Aspen (ASE) 12 4305 55 27.165 
Colorado Springs (COS) 12 $500 40 2,767 
Montrose/Delta (MTJ) 4 $845 73 8,744 
Gunnison (GUC) 2 $776 64 5,339 
Pueblo (PUB) 2 $233 40 1,450 
Telluride (TEX) 2 $486 70 8,584 
Cortez (CEZ) 3 $341 80 11,277 
Durango (DRO) 9 $251 80 33,336 
Alamosa (ALS) 3 $253 58 5,795 


Source: Bureau of Transportation Statistics, www.bts.gov and Expedia, www.expedia.com Intrastate passenger counts furnished by DIA Airport 
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2.3.3 Passenger Rail Service 


Colorado is served by the Amtrak national passenger rail system (See Exhibit 2-18) with service provided 
by the California Zephyr linking Denver with Chicago and the California Bay Area, and the Southwest 
Chief connecting Trinidad, La Junta, and Lamar with Chicago and Kansas, as well as Albuquerque, New 
Mexico, and Los Angeles, California. 


Exhibit 2-18: Colorado Amtrak Passenger Rail Map 
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Source: CDOT website: http://www.dot.state.co.us/App_DTS_DataAccess/index.ctm 


In financial year 2007, Amtrak had 208,552 boarding and alightings in the state of Colorado. See Exhibit 2- 
19. Rail ridership has increased significantly in recent years and between 2006 and 2007 ridership rose by 
over 7 percent. 
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Exhibit 2-19: Amtrak FY2007 - Facts about Serving Colorado 


Annual Boardings 


ees +Alightings 
Denver 123,273 
Fort Morgan 2,920 
Glenwood Springs 32,697 
Granby 3,508 
Grand Junction 25,115 
La Junta 6,556 
Lamar 1,683 
Trinidad 3,956 
Winter Park-Fraser 8,844 
Total Colorado Station Usage 208,552 


Source: Amtrak, www.amtrak.com 


Exhibits 2-20 to 2-23 give the fare and fare per mile of Amtrak in Colorado. It can be seen that the 
passengers are typically paying 15¢ to 30¢ per mile for Amtrak service. 


Exhibit 2-20: AMTRAK California Zephyr Fare in Colorado 


Fraser- Winter Glenwood Grand 
[Fare (3) Fort Morgan Denver Park Granby Springs Junction 
Fort Morgan $18 $ 27 $ 28 $ 48 $ 58 
Denver $ 26 $ 26 $ 48 $ 57 
Fraser- Winter Park $9 $ 36 $ 45 
Granby $ 31 $ 42 
Glenwood Springs 
Grand Junction 
Exhibit 2-21: AMTRAK California Zephyr Fare per Mile in Colorado 
Glenwood Grand 
Fare/Mile Fort Morgan [Denver Fraser Granby Springs Junction 
Fort Morgan $ 0.23 $0.19 $0.17 $0.17 $ 0.15 
Denver $0.41 $ 0.32 $ 0.24 $0.19 
Fraser-Winter Park $ 0.50 $ 0.26 $0.19 
Granby $ 0.26 $0.19 
Glenwood Springs $ 0.18 
Grand Junction 


Exhibit 2-22: AMTRAK Southwest Chief Fare in Colorado 


Fare ($) Lamar La Junta Trinidad 
Lamar $ 16 $ 35 
La Junta $ 24 
Trinidad 
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Exhibit 2-23: AMTRAK Southwest Chief Fare per Mile in Colorado 
\Fare/Mile Lamar La Junta Trinidad 
$ 0.24 $ 0.22 


Lamar 
La Junta 
Trinidad 


Source: Amtrak, www.amtrak.com 


In addition to Amtrak, the private sector offers summer and winter rail service in the form of the Ski 
Train. This service, which has been in operation for over 50 years, offers travel from Denver Union 
Station to the Winter Park Ski Resort. About 1,200° people are transported each day the ski train operates 
during the season. The train operates only on Saturdays and Sundays from January through March, with 
additional Thursday and Fridays departures from mid-February through the end of March. In addition 
the Ski Train operates a Saturday-only schedule in July and August. See Exhibit 2-24. 


Exhibit 2-24: Ski Train Route 
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Source: www.skitrain.com 


This scenic route passes the Flat Irons, South Boulder Canyon, and crosses the Continental Divide. The 
trip takes 2 % hours for the 57-mile trip, an average speed of 15.2 miles per hour. The round-trip coach 
fares range from $49-59, while the club fare is $85. This gives a cost per mile of 43-52¢ per mile for coach 
and 75¢ per mile for club. 


2.3.4 Intercity Bus 


The major areas for intercity bus are along the I-25 corridor to and from the city of Denver. Exhibit 2-25 
shows that the highest level of service is Denver to Boulder (78 RTD buses per day in each direction) 
reflecting the high levels of commuting between these cities. Much of this traffic reflects the role of 
Boulder as a “suburb” of Denver. Levels of bus service are lower for other cities, the next highest being 
Colorado Springs with 23 FREX and Greyhound buses per day in each direction. 


8 The number is based on the assumption that the occupancy rate of the car is 80%. 
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Elsewhere service is low, 2 to 4 buses per day between paired cities (e.g., Greeley-Loveland has 12 buses 
per day) and key routes such as Glenwood Springs to Aspen, which has 19 buses per day in each 
direction. Fares vary dramatically between subsidized commuter bus services such as Boulder to Denver 
to 10¢ per mile, and private bus service between Denver and Aspen at 60¢ per mile. See Exhibit 2-26. 
Typical bus speeds are 40 to 50 miles per hour. See Exhibit 2-27. 


Overall passenger counts and trip purposes, based on publicly-available data for the Colorado regional 
transit systems are shown in Exhibit 2-28. It can be seen that Denver’s RTD constitutes the majority of 
trips, but all of the RTD trip would be considered intracity or intraregional trips for the purpose of this 
analysis. 


Trip purpose data for RTD, FREX and Greyhound was summarized from the results of Stated Preference 
Surveys conducted in October 2008. This shows that the largest category of trips on FREX and RTD 
(urban transit systems) are for commuting whereas Social and Business comprised the main purpose for 
Greyhound trips. 


Finally, Exhibit 2-28 shows that usage of existing bus systems does vary by season, but the seasonal 
differences are not large, only in the order of approximately 10%. This pattern of course is different than 
that experienced on the I-70 corridor, which because of the largely discretionary trip purposes experience 
much larger swings than those encountered by typical bus or urban transit systems. 
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2.4 Preliminary Intercity Travel Market 


The character of the Colorado intercity market is influenced by two critical factors. The first is the day-to- 
day business and work environment that dominates the I-25 corridor, which provides the support and 
logistics for both the agricultural east and the tourist and mining west. The second is the tourist 
environment of the Rockies and the flows of traffic along I-70 from Denver and perhaps more 
importantly Denver International Airport. Of the approximately 99 million intercity trips generated by 
overnight and day trips within the state, some 36.6 million (37 percent) are to or from the city of Denver, 
and 24 million (24 percent) are to or from Denver Airport!. Other I-25 cities have much lower levels of 
intercity traffic, such as Colorado Springs with 7.3 million trips, Fort Collins with 3.6 million trips, 
Boulder with 3.6 million trips, and Pueblo with 1.8 million trips. 


More surprising is the volume of trips along I-70 with major attractors like Central City/Blackhawk, 12 
million trips; Vail, Aspen and Breckenridge with approximately 8 million annual trips each; Keystone, 
Copper Mountain, Steamboat with about 5 million trips each, and Grand Junction with 4 million trips. 
Even very small communities with ski resorts nearby, like Georgetown, can attract significant intercity 
trips. See Exhibit 2-29. 


Exhibit 2-29: Preliminary Assessment of Major Production and 
Attraction Centers for Annual Intercity Trips™ 


Key Locations for Intercity Trips 


Total Trips Colorado 99 million 
Total Trips Colorado (overnight) 56 million trips 
Total Trips Colorado (day) 43 million trips 
Denver Airport 24 million trips 
Denver 36.6 million trips 
Colorado Springs 7.3 million trips 
Fort Collins 3.6 million 
Pueblo 1.8 million 
Boulder 3.6 million 
Blackhawk/Central City 12 million trips 
Vail 7.9 million trips 
Aspen 7.4 million trips 
Breckenridge 8.2 million trips 
Keystone 5.7 million trips 
Copper Mountain 4.7 million trips 
Steamboat Springs 5.1 million trips 
Glenwood Springs 3.4 million trips 
Avon 4.6 million trips 
Grand Junction 4 million trips 
Georgetown 1.5 million trips 


10 DIA total 44 million trips: 24 million intercity passenger trip, an additional 20 million intracity trips by employees and travelers. 
11 TEMS Analysis based on the data from Longwoods International, AADT flows, Denver Airport Master Plan, and Colorado Ski 
Country USA. 
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2.5 Conclusion 


The Colorado market for intercity travel is very heavily focused in the I-25 and I-70 corridors, with 
significant numbers of trips now being made by private automobile, air, Amtrak, and intercity bus. The 
volume of travel in these corridors outside the urban areas is very high with AADTs 30,000 - 60,000 range 
in the intercity sections of I-25, and in the 20,000 - 40,000 range along I-70. These volumes are reflective of 
what might be expected in a “typical” high speed rail corridor in Ohio” or the Midwest's, and suggest 
that despite its low population, the I-70 corridor under “normal” conditions (i.e., no mountains) would 
support a high speed rail project, as would the I-25 corridor. 


122 Ohio Hub Study, TEMS/HNTB, July 2007 
13 Midwest Regional Rail Study, TEMS/HNTB, June 2004 
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3 Technology Options 


An important component of this study is the potential range of technologies that might be used in the 
I-25 and I-70 corridors. The issue of curves and grades, particularly on the prospective I-70 highway 
alignment, remains an issue of major concern and limits the kinds of technologies that can be successfully 
deployed in this corridor. As will be discussed in the following pages, these conditions practically 
constrain the selection of viable technologies for I-70 to either tilting electric trains or Maglev options. 


e On I-70, not only does the highway have steep grades (6-7%) but also accompanying sharp curves 
(typically 4-5 degrees) as it turns to avoid cliffs and other geographic obstacles. However, this 
concer regarding the general suitability of highway alignments for high-speed rail applications 
is not new. For example, even on the New York Thruway, curves were deemed “too sharp for 
really high-speed rail’ ”, and that is a highway through relative gentle, level terrain as compared 
to conditions along the I-70 corridor. As a result, “off corridor” alignments that deviate from the 
current I-70 alignment will be developed in an attempt to improve the geometry. 


e On I-25, Green Field alignments may be found that feature moderate grades and gentle 
curvature, allowing both higher top speeds and a broader range of choices as to equipment 
options. Even on I-25 however, curves are still a concern on existing rail and highway alignments, 
which strongly suggest that tilting rail equipment or Maglev would offer an advantage over 
conventional, non-tilting rail equipment. 


A key requirement of the study is that the proposed technology should be capable of receiving all 
required regulatory approvals within the implementation time scales of the project. This section will 
assess relevant proven technology options and their potential speed, focusing on existing technologies 
that have been proven in actual revenue service. Accordingly it will focus on both rail and Maglev-based 
technologies. Proposed “Novel” or new technologies that are still under development cannot be 
considered practical for this study unless they can show that they can be implemented within a 5-10 year 
time horizon. This includes meeting FRA/FTA safety regulatory requirements as well as demonstrating 
the practical capability to commercially operate in the Colorado environment. As part of this study, 
however, a technology survey had been conducted that includes novel technologies so that we can 
understand their development potential for possible long-run implementation in Colorado. This includes 
identifying how and when they might become part of Colorado’s rail plan process. 


3.1 Speed Options 


This section addresses the four speed ranges that categorize the full range of ground transportation 
technologies. The first three speed ranges can be achieved by rail technology, whereas the highest speeds 
are attainable only using Maglev technology. Within these ranges any number of specific technologies 
could be chosen depending on how practical and cost effective they are for achieving any given speed. 


14 See: http://www.buffalonews.com/313/story/346688.html 
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Conventional Rail - 79-mph or less: Exhibit 3-1: Conventional Passenger Train 
“Conventional” (FRA compliant) trains, as 


shown in Exhibit 3-1, can operate at up to 79- 
mph on existing freight tracks. 79-mph 
represents the highest speed at which trains can 
legally operate in the United States without 
having a supplementary cab signaling system on 
board the locomotive. A number of non- 
compliant existing technologies, including the 
HSST maglev, monorails and designs derived 
from urban people mover systems also fall into 
this relatively low-speed category since none of 
them have yet demonstrated the ability to 
operate at speeds higher than 79-mph in practice. 


Historically it has been difficult for rail systems operating at 79-mph or less to produce auto-competitive 
travel times. As a rule these systems all require substantial operating subsidies. However, as speeds 
increase, not only does ridership go up but also the average fare that can be charged goes up as well. 
Hence, higher-speed systems can attract more ridership, and they can eliminate operating subsidies. 
However, higher speed trains require better infrastructure and as a result require a higher level of capital 
investment. 


High Speed Rail - 110-130 mph: A 110-to-130- 
mph service can often be incrementally 
developed from an existing conventional rail 
system, by improving track conditions, adding 
a supplementary Positive Train Control safety 
system, and improving grade _ crossing 
protection. This has been a successful first step 
for many European railroads moving towards 
developing high speed rail capability. For 
example, British Rail’s HST 125-mph diesel 
train developed in 1970 for mainline service 
(e.g., London-Edinburgh) is still operational in 
the UK. It represented a major step forward 
with push-pull “integrated” diesel train sets 
that were modern, comfortable, and reliable and which significantly reduced travel times in the highly 
populated corridors of the UK. 


Exhibit 3-2: Talgo T-21 


Since the 1970’s, this type of train continues to be developed particularly with the addition of tilt 
capability, which enables trains to go around curves faster. This tilting capability has proven to be very 
effective for improving service on existing track, often enabling a 20-30% reduction in running times. 


Today, trains such as Talgo T-21 (shown in Exhibit 3-2), Alstom’s Voyager and Siemens VT-605 represent 
this class of equipment. In the United States, safety regulations favor deployment of 110-mph service 
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because grade separation of highway crossings is required at 125 mph, at significant additional cost. 110- 
mph service provides a low cost infrastructure option by using existing railroad rights-of-way. The 
proposed Colorado Maglev system, derived from the HSST urban maglev system design, would also 
operate in this speed range and will be evaluated on this basis. Systems operating in this speed range are 
generally able to produce auto-competitive travel times, and are therefore often able to generate sufficient 
revenues to cover their operating costs. 


Very High Speed Rail - 150-220 mph: Speeds above 
150-mph generally require development of new high 
speed alignments along with the deployment of 
powerful electric trains. In the UK today, Alstom’s 
Pendolino and Siemens “Electra” trains provide 
services on the East and West Coast main lines at 
150-mph. Although the early TGV (Paris-Lyon) 
service operated at 150-mph, these services have 
since been upgraded to 186-mph and now 220-mph. 
Because of higher ridership levels, electrified 
integrated trains are usually designed to operate in 
8- to 12-car sets with locomotives at each end, rather 
than the four- to seven-car sets of the typical HST 
125 mph technology. The French, Germans and 
Japanese are now beginning to upgrade their 180- 
mph services to 220-mph capability. 


Exhibit 3-3: German ICE-3 Train 


Very high speed passenger services in the United States require an increasing degree of separation from 
both freight rail and highway infrastructure. Speeds of 135-mph are commonly reached on conventional 
rail alignments in the Northeast Corridor, and 150-mph on two short stretches of track totaling 18 miles in 
Massachusetts and Rhode Island. In Colorado, such speeds may be possible on new Greenfield 
alignments in the I-25 corridor, but because of the adverse grades and curves, it will be much more 
difficult to attain such speeds along the I-70 corridor. 


The most recent trend in development of the highest speed trains is a move towards Electric Multiple 
Unit (EMU) technology, such as the German ICE-3 train shown in Exhibit 3-3. Rather than using 
locomotives, the EMU design places traction motors underneath each individual railcar. This has the 
advantage of eliminating the dead weight of the locomotive, increasing the number of traction motors 
leading to an increase in power, improving adhesion since half or more of the train’s axles are powered, 
and making more effective use of station platform length. 


The success of high speed trains in European corridors, coupled with the increased power given by 
modern AC motors, has resulted in the development of double-deck trains that are used in some 
corridors to increase capacity in peak hours. Double deck trains are possible since these trains tend to run 
on newly-constructed lines built to very high geometric standards, thus the highest-speed trains don’t 
need tilting capability. 
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Ultra High Speed Rail - 250-300 mph: For Exhibit 3-4: Transrapid Maglev 
speeds above 250-mph the only current 
candidate is Maglev technology. (Rail has 
demonstrated speeds above 250-mph but only 
on experimental trial runs. However such 
speeds are routinely attained by the Shanghai 
airport maglev in revenue service, as shown in 
Exhibit 3-4.) This system is fundamentally 
different from a rail technology in that it does 
not use a steel wheel/steel rail contact, but rather 
uses magnetic levitation to float above a 
concrete guideway, as well as to propel the 
train. For high speed maglev, only Siemens’ 
Transrapid shown in Exhibit 3-4 is in 
commercial operation, although the Japanese are 
developing their own MLXO01 that is based on the use of superconducting magnets to produce a larger air 
gap. (The Japanese want a system with a larger air gap because they live in a seismically active region.) 
Maglev trains are capable of rapid acceleration up to their design limits and typically operate in consists 
of two to five cars. Seating capacity is generated by operating the trains at higher frequency than normal 
steel wheel/steel rail trains, or by linking car sets together if platform lengths permit. 


Another approach to maglev has been developed for lower-speed urban transit applications. Whereas 
high speed maglev systems place the linear motor on the guideway, low-speed systems place the motor 
on board the vehicle to reduce cost. The Japanese HSST is the best example of this type of urban Maglev 
with a 5.5-mile operating line in Nagoya, Japan (see Exhibit 3-5). HSST was designed to be competitive 
with urban transit modes, not as a high speed system. It has a top speed of 65-mph!5. 


Exhibit 3-5: HSST Maglev 


15 http://faculty.washington.edu/jbs/itrans/hsstpage.htm and http://maglev.com.www65.your-server.de/uploads/2002/pp01102.pdf 
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The HSST technology would have to be adapted significantly to meet the speed requirements needed for 
High Speed Rail service in Colorado. The Colorado Maglev Study identified six specific technical 
modifications that were needed to adapt the HSST design to Colorado requirements, plus the general 
issue of winterization to operate in heavy snow and ice conditions.’° The technology has yet to be 
adapted to high speed performance (i.e., 110 mph), and it is estimated that it will require $400-600 million 
investment (beyond the $5.84 billion that was cited as the capital cost of the system) to achieve this 
performance. Were this investment to be made, the technology could become a potential competitor in 
the high speed category. It is likely that the research effort to the point of commercialization is likely to 
take at least five to ten years. Nonetheless for the purpose of this study the HSST system will be 
evaluated on the basis of a 110-mph system, as proposed in the 2004 Colorado Maglev study. 


3.2 Regulatory Requirements 


It is unlikely that any “off the shelf” train designs will meet all of Colorado’s requirements without some 
customization, but a number of existing trains come close!’.. A review of the U.S. Federal Railroad 
Administration (FRA) equipment standards reveals two basic kinds of safety rules: 


e Basic safety rules address requirements such as window glazing, configuration of car exits, 
interior lighting, and securement of baggage compartments. These apply uniformly to all 
equipment, regardless of speed. These rules have been adapted from aviation as well as historical 
rail practice, and would likely apply to all types of vehicles, including Maglev. 


e The Tier I and Tier II rules relate to specific “buff” strength requirements for rail vehicles that 
are intended to operate on the national freight and passenger rail network. Tier I standards apply 
to vehicles designed to operate at speeds up to 125-mph. More stringent Tier II standards apply 
above 125-mph to 150-mph. The FRA has not yet issued specific standards for trains operating 
above 150-mph. 


The Basic safety rules apply to all passenger equipment since the FTA as well as the FRA enforces these 
regulations. These rules would still apply to “non-compliant” rail vehicles as well as to Maglev and 
novel technologies. 


FRA’s Tier I and Tier II rules apply only to rail equipment that commingles on the same tracks with 
conventional rail vehicles. If operations were conducted on completely separate tracks then it is possible 
that the Tier I and Tier II rules may not apply. However, the freight railroads have increasingly been 
requiring Tier I and Tier Il compliance even for sharing right of way with transit vehicles, as FasTracks 
recently learned. Therefore it is reasonable to assume that Tier I and II compliance will be required for 
any use of freight rail right of way, even if separate tracks are provided. 


Tier I and II compliance may require modifications to existing European and Japanese train designs. For 
this reason they have been controversial among equipment manufacturers, who call into question the 


16 Colorado Maglev Project - Part 1 - Executive Summary, pgs. 29 and 44. 

see: http://www.dot.state.co.us/Publications/maglev/maglevsummary.pdf 

'” A few of these trains, based on both existing European and American designs, will be reviewed in the next section. The European 
trains are being presented as examples of what is possible, but would likely require modifications to meet U.S. crashworthiness 
safety requirements. 
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economics of relatively small lot production of a customized product. The problem has been exacerbated 
by the relatively small size of the North American passenger train market compared to those in Europe 
and Asia. Because the fixed engineering costs have to be spread over the number of units produced, a 
sizeable equipment order will be needed to obtain a reasonable unit cost. Nonetheless as compared to 
comparable European practice, the actual weight penalty required for Tier I and II compliance appears to 
be only in the 5-10% range. To further explore this issue of use of compliant versus non-compliant 
vehicles, here is what the Tier I and Tier II rules actually require: 


e Buff Strength: This is the amount of compressive force that a railcar or locomotive must be able 
to sustain without permanent deformation. For passenger coaches, Tier I and Tier II actually 
require the same buff strength, 800,000 Ibs. For locomotives, under Tier I 800,000 Ibs. are needed, 
but under Tier II locomotives need 2,100,000 Ibs. buff strength. 


e Crash Energy Management: This "performance" specification kicks in only for Tier IT equipment, 
but does not per se require a heavier vehicle. The rule basically addresses such things as crush 
zones and failure modes that are designed for the safety of the occupants. However, these Crash 
Energy Management principles are for the most part already built into the design of modern rail 
vehicles. 


e No Occupied Lead Cars: The Crash Energy Management regulation prohibits passenger- 
occupied lead cars in Tier II equipment or food service as can be expected with Push Pull 
locomotive designs. However, if an EMU technology were chosen that typically has seating in all 
cars, the lead car could still be used, for example, for baggage compartment space. 


It can be seen that the main difference between European and US regulations lies not with the Tier II 
requirement, but rather the 800,000 Ibs. Tier I buff strength. This requirement is already substantially 
greater than that needed for railcars overseas which typically require only 440,000 lbs compressive 
strength!’. Typical European or Japanese equipment designs, therefore, would have to be adapted to 
American conditions for operations at any speed, not just for high speed service. 


Potential high speed train manufacturers are aware of this issue and have put significant effort into 
developing U.S. compliant equipment. For example, it is worth noting that the Talgo T-21 train was 
proposed as a fully Tier I compliant train suitable for operation in the United States, with no more than a 
10% weight penalty over its European counterpart’. The issue with the Tier I and Tier II regulations 
appears not to be the technical feasibility of customizing equipment to comply with the rules, but rather 
the size of any order. A European or Japanese manufacturer simply needs a large enough order to make it 
worthwhile building a U.S. compliant train. 


18 Some European railways (British and German) are however specifying vehicle strengths above (in some cases significantly above) 
those required in the UIC codes. Source: Federal Railroad Administration, personal correspondence, November 6, 2008. 

19 This 10% weight penalty has been validated by a direct benchmarking study, See Appendix E. It has been further validated by 
Federal Railroad Administration studies that estimated the weight penalty for Tier II compliance to be in the 6-7% range relative to 
comparable European practice. Source: Federal Railroad Administration, personal correspondence, November 6, 2008. 
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3.3 Rail Tractive Effort Capabilities 


Any of the alignments that are selected for the I-70 corridor will have very large gradients that are way 
beyond any typical high speed corridor. While maglev trains have the ability to deal with the 7% 
gradients that are common along the I-70 corridor, steel wheel high-speed trains are more restricted by 
gradients. As a result of this need to deal with gradients, steel-wheel trains designed for Colorado service 
must have excellent hill-climbing capabilities. Fortunately high-speed trains have both enough power to 
accelerate quickly to high speeds, and enough tractive effort to climb steep gradients. The following two 
sections will assess the ability of steel-wheel technologies to meet these unusual requirements for high- 
speed service in the I-70 corridor in Colorado. 


This section will discuss rail technology issues for meeting the requirements of Colorado corridors. The 
next section will discuss Maglev performance capabilities. 


In terms of assessing rail technology, there are two main criteria that need to be considered, type of 
propulsion and type of power: 


e Type of Propulsion: Trains can be either locomotive-hauled or self-propelled - Self-propelled 
equipment has each individual railcar powered whereas conventional coaches rely on a separate 
locomotive to provide the power. This is especially relevant in Colorado with its steep grades, 
because the issue of adhesion of a steel wheel on a steel rail, limits the maximum amount of force 
that can be transmitted without spinning wheels. 


e¢ Type of Power: Trains can be either diesel or electrically-powered - Diesel or electric power can 
be used with either the locomotive hauled or self-propelled equipment options. (Turbine power 
has also been considered for high speed trains, but does not offer any clear advantage over diesel 
at this time.) 


As a rule, diesel equipment is heavier than the electric equipment, both because of the weight of the 
engine and also of the fuel. Electric equipment also can be more powerful since it is not limited by the on- 
board generating capacity of the engine. Diesel equipment avoids the cost of the overhead electric wires, 
but because of their higher power, electric trains give better performance at high speeds and up grades as 
shown in Exhibit 3-6. This compares the performance of the electric ICE train versus the diesel Talgo T-21. 
(Please note that the Talgo T-21 is also available in an electric version. The purpose of this comparison is 
to illustrate the difference between generic diesel and electric technology on mountain grades, not to 
compare the performance of specific manufacturer’s equipment. Additional example trains are profiled in 
Appendix A.) 


e The electric ICE train can achieve over 180-mph on level track but is reduced to 80-mph on a 4% 
grade. 


e The diesel T-21 achieves 125-mph on level track but is reduced to 35-mph on a 4% grade. 
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Exhibit 3-6: Power System Performance, Speed versus Grade 
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Source: Calculations detailed in Appendix C 


From this, it can be seen that electric trains are really the only viable option for high-gradient rail lines. A 
diesel T-21 can perform adequately up to a maximum gradient of 2-3% but beyond this, electric power is 
indicated. 


A second issue is that of adhesion. Adhesion refers to the maximum amount of tractive effort, or pulling 
force that can be generated without spinning the wheels. Exhibit 3-7 states an equation that says the 
maximum pulling force that can be exerted by a wheel, H, is equal to the amount of weight on the wheel 
v, multiplied by the coefficient of adhesion pW. So if you want to increase the pulling force of a wheel H 
you can either add more weight V or else improve the friction (adhesion) coefficient between the wheel 
and rail. Conservatively, a coefficient of adhesion wp = 15% can be assumed for rail applications. For 
example, if the weight on the wheel (V) is 1,000 Ibs. With a Coefficient of Adhesion of 15%, then the 
maximum pulling force H that could be generated, called tractive effort, is 150 lbs. 


Obviously, adhesion is not an issue for Maglev trains and has been cited as a major advantage of that 
technology. 


For rail equipment, the adhesion question determines whether a train set should be locomotive-hauled or 
self-propelled. Often it is less expensive to have separate locomotives and railcars. Self-propelled units 
however, have much better adhesion, and since traction motors are distributed along many more driving 
axles, self-propelled trains can have more power than locomotive-hauled trainsets. 
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Exhibit 3-7: Definition of Coefficient of Adhesion 


LV 


V = Vertical Component, 
Vehicle Weight 


H = Horizontal Component, 
Tractive Effort 


u= Coefficient of 
Adhesion 


Source: http://en.wikipedia.org/wiki/Traction_(engineering) 


Using two real-world train sets as examples, Exhibits 3-8 and 3-9 show the maximum tractive effort for 
two versions of the German ICE train. Both are powerful electric trains, the 1st generation ICE train is 
locomotive-hauled, whereas the 3rd generation train is a self-propelled Electric Multiple Unit (EMU) train 
that has traction motors under every car. Applying the tractive effort equation to these two trains, it can 
be seen that their hill-climbing capability is vastly different: 


e The 1st generation ICE-1 train in Exhibit 3-8 has two lightweight locomotives, which sharply 
limit this train’s hill climbing capability, because only the locomotive’s weight is available to 
provide tractive effort. The ICE-1 cannot even manage a 4% grade without spinning wheels. A 
possible solution may be to make the locomotive heavier; this is in fact done for freight 
locomotives but is not appropriate for a high speed passenger locomotive, because the 
combination of high speed and weight can be too damaging to the tracks. By reducing the 
number of passenger coaches, the ICE-1 could barely go up a 4% grade, which is considered the 
practical upper limit for locomotive-hauled trainsets. 

e Incontrast the 3rd generation ICE-3 train in Exhibit 3-9 can manage a 7.5% grade with only half 
the axles powered and it could manage a 15% grade with all axles powered. This difference is 
because the total weight of the train including passenger coaches, rather than just the weight of 
the locomotive, is available to contribute to tractive effort. 
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Exhibit 3-8: 1s* Generation Locomotive-Hauled ICE Train - Maximum Gradient Capability 


ee * Weight of two locomotives: 187 tons 
. Total train weight: 1,656,480 Ibs. for 460 seats 
* Assume tt = 15% (A safe assumption for wet rails) 


*  Tractive Effort Capability = 
187 x 2000 x 15% = 56,100 Ibs. 


* Maximum Grade = 56,100 / 1,656,480 = 3.4% 
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Exhibit 3-9: 34 Generation EMU ICE Train - Maximum Gradient Capability 


* Train Weight: 1,000,000 Ibs. (500 tons) for 404 
seats 


* 50% of axles powered 
* Assume t= 15% 
*  Tractive Effort Capability = 
500 x 2000 x 50% x 15% = 75,000 Ibs. 
(could be 150,000 Ibs. if all axles were powered) 
* Maximum Grade = 75,000 / 1,000,000 = 7.5% 
(could make 15% if all axles were powered) 


The ICE-1 shows the limitations of locomotive hauled trains. Electric locomotives tend to be very 
lightweight for the amount of power they produce. This can lead to difficulties with adhesion and 
spinning wheels, especially on wet rail. A good solution is to distribute the traction motors underneath 
the train, as in a DMU or EMU, so the weight of the train itself can contribute to traction. 


Where gradients can be held to 4% or less, a locomotive-hauled electric train can work. The train’s grade- 
climbing capability could be improved by adding a set of powered axles under the first or last coach car 
as the Eurostar train does, or by reducing the number of passenger coaches. 


A T-21 diesel train could go up a 2% grade at about 65-mph. A diesel-powered train would not have 
problems with adhesion because of the added weight of the diesel engine, but because of its limited 
power, speed would be reduced to 35-mph on a 4% grade and only 21-mph on a 7% grade. These speeds 
are not auto-competitive and would probably not be acceptable in the marketplace. 
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In summary, it can be seen that the following rail equipment options are available for Colorado corridors, 
depending upon the gradients. All of these options would be capable of an approximately 60-mph speed 
climbing the grade: 
e If gradients can be held to 2% or less, then any equipment option, including diesel, electric, 
locomotive hauled or self-propelled (DMU or EMU) train could be considered for the corridor. 


e Any electric train option, either locomotive-hauled or EMU, could work for gradients in the 2-4% 
range. 


e Only the EMU and Maglev option will work for gradients in the 4-7% range. An EMU train with 
50% axles powered (like the ICE-3) could do 60-mph up a 4% grade whereas an EMU with all 
axles powered could do 60-mph up a 7% grade, curvature permitting. (For perspective, this same 
EMU with all axles powered could theoretically do more than 220-mph on level track.) 


3.4 Maglev Capabilities 


Exhibit 3-10 details the technical capabilities of the Transrapid Maglev. In contrast with mechanical 
solutions used by traditional rail systems, Maglev technology uses innovative non-contact, 
electromechanical solutions to achieve traction, guidance and propulsion functions.” As shown in 
Exhibit 3-11, the Transrapid system offers a 10% grade climbing capability, but it can only do 
approximately 30-mph up this grade; in contrast, the Transrapid could do 245-mph up a 3.5% grade?! 


Exhibit 3-10: Technical Specifications for Transrapid Maglev 


Operating Parameters 


Design Speed 340 mph 
Operating Speeds: 
Rural areas 300 mph 
Urban areas 150 mph 
Acceleration Distance Time 
0- 60 mph 0.27 miles 31s 
0- 120 mph 1.07 miles 62s 
0- 180 mph 2.70 miles 104s 
0- 240 mph 5.48 miles 159s 
0- 300 mph 11.99 miles 278 s 
Braking Performance Distance Time 
0- 60 mph 0.28 miles 58s 
0- 120 mph 0.98 miles 85s 
0- 180 mph 2.29 miles 115s 
0- 240 mph 4.18 miles 146s 
0- 300 mph 6.51 miles 176s 


Source: Baltimore-Washington Maglev Study, June 2000, see Appendix B. 


20 Baltimore-Washington MAGLEV, Project Description 
21 See: http://www.crrel.usace.army.mil/techpub/CRREL_Reports/reports/maglev/Chap1+2(p1_16).pdf 
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Transrapid’s tilting capability of 12° is approximately equivalent to that of a tilting train which can 
operate with 6” cant deficiency plus 6” of superelevation. (Superelevation is the physical tilt of the track 
in the curve whereas cant deficiency is the equivalent additional banking that is provided by the tilt 
mechanism.) Transrapid therefore would be expected to have about the same speed limit in curves as a 
tilting train would. This would reduce the advantage of Maglev over rail unless a very straight alignment 
were built. 


Exhibit 3-11: Transrapid Maglev - Speed as a Function of Gradient 
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Source: http://www.crrel.usace.army.mil/techpub/CRREL_Reports/reports/maglev/Chap1+2(p1_16).pdf 


3.5 Train Performance Acceleration and Curving 


North American passenger train operators have benefited from the extensive global technology 
development as railways around the world have upgraded their passenger systems to high-speed rail 
operations. Over the past few years, true high-speed rail has become a reality in North America with the 
introduction of Bombardier’s Acela technology, shown in Exhibit 3-12, in the U.S. Northeast. 
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Exhibit 3-12: Acela Train Set 


Train performance curves for representative equipment types and the Acela are shown in Exhibit 3-13. 
The curves reflect the acceleration capabilities of various rail technologies starting with conventional 
locomotive-hauled trainsets (the P42 option) up through Maglev. 


Exhibit 3-13: Train Type/Technology Acceleration Curves 
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Source: TEMS Locomotion(TM) Equipment Database showing typical technology performance parameters, as developed and validated over the 
course of previous rail studies. 
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It can be seen that purpose-built diesel high speed trainsets, such as the Talgo T-21, can offer considerably 
improved performance over conventional diesel trains that are based on conventional freight-derived 
designs. Conventional locomotive hauled trainsets have a practical top speed of about 100 mph, whereas 
purpose-built high speed diesel trains can achieve 125 mph to 135 mph, and can accelerate much faster. 
As can be seen in Exhibit 3-13, conventional diesel-powered trains are barely capable of reaching 100- 
mph and operate most practically at speeds of 79-mph or less. For speeds above 135 mph, electrified 
trains are needed. 


The U.S. Acela is about 45% heavier than a comparable TGV, because of modifications that were made to 
comply with the U.S. Federal Railroad Administration’s Tier II buff strength requirement, as well as its 
internal seating configurations. It is worth noting, however, that the latest European designs could reduce 
this weight penalty to 10-15 percent. As built, Acela weighs 567 metric tons with six passenger cars, for a 
capacity of only 328 seats”. In contrast, TGV Atlantique weighs 484 metric tons for ten cars with a 
capacity of 485 seats.”3 Up to its top speed of 150 mph, the Acela accelerates just as fast as a TGV due to its 
very high power to weight ratio. Acela’s weight penalty however, expresses itself in terms of a higher 
operating cost and lower revenue generating capacity than a comparable TGV. The electric Eurostar train 
and the Korean TGV offer 794 seats and 935 seats”, respectively, which represent practically the upper 
limit of today’s rail technology. Some European diesel-powered 125 mph trainsets offer up to 500 seats, 
but if U.S. safety regulations are applied, added vehicle weight (10-15 percent) would reduce the practical 
capacity of such trains down to 400-450 seats. 


Track alignment curvature is normally expressed in degrees. Two measures can actually be used to 
determine the degree of curvature. The first is the number of degrees of rotation from a tangent or 
straight line that the track curves in 100 feet length. The second measure is the inches of variation on the 
outer rail from the center of a 60-foot chord stretched along the track. For the wide curves employed for 
fixed guideway systems, these two measures are essentially equal. Curves in a slow-speed yard 
environment may be as tight as 12 to 15 degrees, with 15 degrees representing the practical sharpest 
radius of curves used by modern heavy-duty freight locomotives. Mainline track or Maglev guideway 
generally is laid at three degrees of curvature or less, in the interest of maximizing allowable speed and 
minimizing friction and drag. Exhibit 3-14 shows the relationship between the measurement of curvature, 
in degrees, versus the radius of the curve in feet. 


22 See: http://www.railfaneurope.net/tgv/acela.html 
23 See: http://www.railfaneurope.net/tgv/formations.html 
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Exhibit 3-14: Curve Degrees versus Radius 


Se 
2,865 feet 
1,910 feet 


1,146 feet 
955 feet 


Note, the very large difference in radius between a three degree and a one degree curve, is about three- 
quarters of a mile. In most cases, if a restrictive curve on an existing rail or highway alignment were 
eased to a larger radius to increase running speeds, the new alignment would require the acquisition of 
an entirely new right of way. 


c—<— — 


An additional engineering feature of curves on high-speed track and gudeway is a spiral. This is simply a 
transition area coming into and out of a curve, so the curvature gradually increases in tightness and in 
super-elevation so that there is not a sudden lurch or sideways acceleration caused by an abrupt change. 
Properly designed spirals permit curves to be operated at maximum speed. Improperly designed spirals 
can cause a lurching effect as trains enter curves, degrading ride quality and possibly even limiting trains 
to slower speeds. 


One method for increasing speed through curves is to cant or bank the track or guideway as on a 
highway curve or a speedway embankment. This is known as super-elevation. It is measured in inches of 
difference between the inner and outer rail, based on a level line across the rails or guideway, or in 
degrees of inclination, which turns out to be practically equivalent measures. The banking offsets the 
train’s centrifugal force in the curve with an offset in the car’s center of gravity. Significant speed 
improvements can result, especially for passenger equipment. 


The stable characteristics of rail passenger equipment allow for “under-balancing”, which allows a train 
to go around a curve faster than its balancing speed. Riders on the train or maglev would then feel a 
centrifugal force towards the outside of the curve”. Heavy bulk freight rail lines use minimal super- 
elevation because of the relatively slow speed of the freight trains — often limited to one and one-half 
inches maximum super-elevation. Shared passenger and high-speed freight mains are often laid with 
four to five inches of super-elevation. Dedicated passenger tracks can have six or even more inches of 
super-elevation. 


*4 However, on shared freight tracks as will likely occur in the I-25 corridor, excessive super-elevation can create a tipping force on 
slow freight trains towards the inside of the curve. This can lead to excessive wear on the inside rail and a shift in the rail and 
roadbed, where the inner rail sinks further because of loads and impacts, worsening the effect. In extreme cases, it could cause slow- 
speed derailments in the curve. 
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e For rail equipment, tilt technology raises the allowable “under balance” (or cant deficiency) for 
passenger trains. Instead of being limited to four inches of deficiency, tilt systems allow this to be 
increased to six or seven inches of deficiency. Some European rail systems have utilized as much 
as twelve inches of cant deficiency for going around curves, which works in addition to the 
amount of super-elevation that has been physically built into the tracks. 


e Maglev performance is similarly affected by curves, since maglev vehicles, unlike rail, do not 
provide for any internal tilt mechanism. All superelevation for a maglev has to be provided by 
the guideway itself. Presently both the HSST and Transrapid maglev systems limit 
superelevation to 12 degrees, which is essentially the same as for that of a tilting rail vehicle on 
conventional track. 


As a result, the curving performance of existing maglev and rail technologies are essentially the same. 
Some maglev advocates have suggested tilt capability greater than 12 degrees, but applying this level of 
super-elevation may start to give ride characteristics similar to that of an aircraft, which is allowed up to 
20 degrees of superelevation. However, this imposes operating cost penalties in terms of having 
additional safety staff, seat belts, and seating requirements. 


The following table illustrates the effect of varying applications of super-elevation on passenger train or 
maglev speeds. The speeds in Exhibit 3-15 are those for conventional, non-tilting passenger trains. They 
allow the passenger train to go through a curve slightly faster than the actual balancing speed for the 
curve. For example a two-degree curve with four inches of super-elevation and 3.5 inches of “under 
balance” (or cant deficiency) produces an effective capability to go around the curve based on the 
equivalent balancing speed for 7.5 inches of superelevation. 


Exhibit 3-15: Passenger Reference Speeds 
Passenger Reference Speeds (mph) with 3.5" Deficiency 
Degree of Curve 
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Passenger Reference Speeds (mph) with 6.0" Deficiency 
Degree of Curve 
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Note: Superelevation above is the "Actual Superelevation" and "Superelevation Under balance" is assumed to be 3.5 inches and 6 inches 
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As a result, it can be seen that a two-degree curve for conventional equipment limits train or maglev 
speed to only 73-mph”. For tilting equipment on a dedicated track, this can be increased to 93-mph?*. 


However curves greater than two degrees start to impose severe speed limits on operations. For example 
a 3-degree curve pushes the speed down to only 76-mph. A 6-degree curve, which is common along the I- 
70 alignment, would limit the speed of either a tilting train or maglev vehicle to just 53-mph. A few 
isolated curves of this degree will not have that much impact on overall system performance but to the 
degree that the curves are closely spaced, the vehicle will not have the ability to accelerate back to high- 
speed before it has to start slowing down again for the next curve. 


The conclusion is that it is practically necessary to limit curves to 2-degrees or less, except in special 
instances, to support 90-mph operation along the corridor. This is equally true for either rail or maglev 
technologies. The issue of curvature rather than gradient therefore, may in fact prove to be the most 
limiting factor for attaining high speeds along the I-70 alignment. It is best dealt with by allowing the rail 
or maglev alignment to deviate from the existing highway alignment, where necessary and possible, by 
reducing the curvature to 2-degrees or less. 


3.6 Conclusion 


e Diesel powered technologies are only practical for operation on a 4% grade if the limited 
balancing speed of about 35 mph on this grade is acceptable. The weight of the diesel powered 
technologies is greater than that of their electrically powered counterparts because the power 
units must carry the weight of the prime movers (e.g., diesel engines) and the fuel tanks. The 
tractive effort can be expected to be greater than electric at low speeds due to the greater weight 
of the diesel engine. However, the tractive effort is less than electric at high speeds due to the 
greater power of the electric locomotive. 


e The electrically powered technologies are capable of providing balancing speeds on a 4% grade 
about two times or even greater than the equivalent diesel powered trainsets because of their 
reduced weight and higher installed power. If minimum trip times are important for operation 
on severe grades, then electric operation and specifically EMU is the only steel wheel option. 


e Maglev is capable of operating effectively on flat terrains, and gradients up to 8 to 10 percent, but 
its speed advantages are greatly reduced by horizontal curvature. 


25 Four inches of superelevation with 3.5 inches of cant deficiency 
26 Six inches of superelevation with 6 inches of cant deficiency 
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4 Existing Conditions along the 
Corridors 


4.1 Introduction 


This chapter reviews existing conditions in the three study corridors, and describes several potential 
alignment options that have been examined in a detailed field review. The corridors that have been 
assessed include: 

e 1-25 Corridor: Denver to Trinidad 

e 1-25 Corridor: Denver to Cheyenne 

e 1-70 Corridor from Denver International Airport (DIA) to Grand Junction and Secondary 

Corridors. 

These corridors are shown in Exhibit 4-1. 
Exhibit 4-1 shows a set of stations that have been identified based on the locations of urban centers and 
resorts, historical stops along the rail routes, and based on the previous work by the I-70 coalition. These 
locations are tentative and preliminary, for the purpose of the initial route inspections, and are subject to 
change and refinement as the study progresses. 
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Exhibit 4-1: Existing Conditions Corridors Assessed 
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4.2 Denver to Trinidad 


The study team inspected existing and potential high speed rail corridors between Denver and Trinidad 
during the period of June 11-13, 2008. The inspection included the historic rail corridors owned by Union 
Pacific Railroad (UPRR) and Burlington Northern Santa Fe (BNSF), the I-25 highway corridor, and 
segments of the countryside to the east of the Front Range. The inspection served to document the 
observed existing conditions and identify significant challenges to the construction of new high speed rail 
infrastructure. 


4.2.1 Existing Railroad Corridor 


In the late 1800’s, the Denver & Rio Grande Railroad built a line from Denver Union Station south 
through Colorado Springs to Pueblo. Similarly, the Atchison, Topeka & Santa Fe extended their line 
north from La Junta through Pueblo and Colorado Springs to Denver on a parallel route. After a series of 
mergers and acquisitions, the current owners, UPRR and BNSF, have come to share the corridor, 
generally operating southbound on the westernmost track and northbound on the easternmost track. In 
most locations between Denver and Pueblo, multiple tracks exist, except from Palmer Lake south to 
Crews. South of Pueblo, the joint line ends and UPRR continues east and BNSF operates a single track to 
Trinidad. UPRR shares the line with BNSF south from Pueblo as far as Walsenburg, where its branchline 
to Alamosa diverges west. Exhibit 4-2 shows representative rights-of-way that have been examined for 
the purpose of the existing conditions assessment. 


The “Joint Line” from Denver to Pueblo is operated by both UPRR and BNSF under a joint facilities 
agreement. The predominate direction of loaded traffic is southbound since the line carries the bulk of 
BNSF’s Powder River coal basin traffic towards Texas and the southwestern U.S. UPRR routes some long- 
haul traffic over the joint line as well, utilizing trackage rights over BNSF to Texas; but most of UP’s own 
long-haul traffic moves on its own lines via Kansas City and other UPRR lines to the east. Union Pacific’s 
is a heavy user of the Joint Line as far south as Walsenburg (where UP’s branch line to Alamosa diverges) 
but most UPRR traffic is local to the corridor. 


The photos and accompanying descriptions in this section depict existing conditions along the corridor. 
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Exhibit 4-2: I-25 South Corridor Representative Rights-of-Way 
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Specific photos and observations of the route from Denver Union Station south to Trinidad are as follows: 


Photo 001: Denver Union Station View South Along Amtrak Platform. Amtrak trains back into the 
station from the north. The tracks no longer extend to the south beyond Speer Blvd. Development in the 
area has made rail access on the surface from the south a very costly endeavor and for the purposes of 
this study, impractical. 


Photo 002: Denver Union Station View South Along the RTD Platform. The BNSF/UPRR Consolidated 
Main Line lies approximately 1000 ft to the west of this platform. Passenger service on the joint line could 
be possible if the freight bypass project currently being studied by CDOT (for Colorado Rail Relocation 
Implementation Study; see http://www.dot.state.co.us/RailroadStudy/default.asp ) were constructed, 
removing most of the BNSF coal service on the existing line. Due to right-of-way constraints and freight 
access to adjacent industrial properties, it would be very difficult to employ the joint line right-of-way for 
use by other than FRA compliant equipment operating on track shared with the freight service. 
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Photo 003: Joint Line Curtis St Crossing BNSF MP 1.65 View South Along Main 3. UPRR Main 1 is 
immediately to the west. This is a very narrow right-of-way through industrial properties. It is not 
feasible to construct additional track on this right-of-way without taking adjacent property. The joint line 
continues south, joining the RTD Central Corridor at Alameda Station approximate BNSF MP 3.8. 


Photo 004: Joint Line Curtis St Crossing BNSF MP 1.65 View North Along Main 3. UPRR Main 1 is 
immediately to the west. The overpass is US 40/Colfax Ave and I-25 ramps. Both main lines are 
constructed of heavy weight continuous welded rail (CWR) on timber ties and hard rock ballast suitable 
for heavy freight operations. The lines are signaled for bi-directional movements. A single track lead to 
Burnham Yard extends to the southeast just north of the I-25 ramp overpass. 
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Photo 005: UPRR Joint Line Main 1 MP 19.2 at Titan Rd Crossing View North To Titan Parkway 
Overpass. At this point, the joint line has two main tracks, one on the UPRR alignment (former D&RGW) 
and one on the BNSF (former Santa Fe). The UPRR Main 1 serves generally southbound traffic, while the 
BNSF Main 2 serves northbound traffic. The UPRR lies to the west of the BNSF. The UPRR right-of-way 
is quite wide at this point, at least 150-200 ft. 


Photo 006: BNSF Joint Line Main 2 MP 18.2 at Titan Rd Crossing View North To Titan Parkway 
Overpass. The yard lead to the Big Lift Intermodal facility is visible on the left. The Joint Line Main 1 is 
on the right. The BNSF right-of-way is quite wide at this point, ranging from 100 to 300 ft. 
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Photo 007: UPRR Joint Line Main 1 MP 19.2 at Titan Rd Crossing. BNSF unit train headed south on the 
UPRR Main 1. At this point, the UPRR track is 136 Ib CWR on concrete ties and hard rock ballast, suitable 
for heavy freight traffic. 


Photo 008: BNSF Joint Line Main 2 MP 18.8 Big Lift Intermodal Facility View South from Titan Rd 
Crossing. The BNSF track is 119 lb CWR on timber ties and hard rock ballast. The intermodal facility lies 
between the Joint Line mains and is served by both, allowing a crossover between the BNSF and UPRR. 
As traffic runs normally southbound on the UPRR and northbound on the BNSF, the right hand turnouts 
and connecting track provide for a reverse move through the intermodal yard. 
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Photo 009: UPRR Joint Line Main 1 MP 20.68 at Kelly Ave Crossing View South. Track is 136 Ib CWR on 
concrete ties and hard rock ballast. 


Photo 010: UPRR Joint Line Main 1 MP 20.68 at Kelly Ave Crossing. Roadway crossing employs precast 
concrete panels and warning gates. 
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Photo 011: UPRR Joint Line Main 1 MP 20.68 at Kelly Ave View North. The wide right-of-way is suitable 
for construction of additional tracks if required for capacity improvements. An industry spur track, 
“Dupont Spur”, extends to the west. 


Photo 012: Sedalia UPRR Joint Main Line 1 MP 25.21 and BNSF Joint Main Line 2 MP 25.20. At this point 
the BNSF (Santa Fe) once crossed over the UPRR (Rio Grande) on an elevated structure. The grade 
separation has been removed and the former-ATSF alignment to the north connected to the Rio Grande 
alignment to the north, and vice versa. An at-grade crossover between the two tracks was also installed at 
this location. The westernmost track, Joint Line Main 1 is under BNSF ownership to the south, while the 
easternmost track, Joint Line Main 2 is owned by UPRR. Trains continue to operate southbound on Main 
1 and northbound on Main 2. 


The terrain from Denver south to this point is relatively gentle and slopes from 5150 ft to 5860 ft, a rise of 
710 ft over 25.2 miles for an average grade of rate of + 0.5%. The railroad grades are relatively gentle, 
generally 1% or less with a short 1.7% segment at Littleton. Curvature in the Denver area is relatively 


TEMS, Inc. / Quandel Consultants, LLC October 2008 55 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


gentle with typical 1 degree curves employed. However, the curvature increases to 3-4 degrees 
approaching Sedalia due to more rugged terrain and the railroads’ attempt to minimize the cost of 
constructing the grades. The latter curves will prove an impediment to all high speed rail technologies, 
as 3-4 degree curves will typically limit speeds to 65-75 mph. 


Photo 013: Castle Rock BNSF Joint Main Line 1 MP 32.5 and UPRR Joint Main Line 2 MP 32.5. The lines 
diverge over parallel routes through Castle Rock with the BNSF southbound traffic on the west and 
UPRR northbound traffic on the east. Each right-of-way is 100 ft in width (minimum) allowing for 
construction of additional track. However, the BNSF is a more suitable right-of-way for high speed 
passenger use, as it does not run directly through the residential neighborhoods, but skirts the 
community. 


Photo 014: Tomah Rd Crossing BNSF Joint Main 1 MP 37.5 View South. The single track line runs on the 
west side of US Highway 85 in a 100 ft right-of-way. Sufficient space exists to add additional track. 
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condition is fair and suitable for the relatively low speed (45 mph) freight operation up the grade to the 
south. Additional ties would be required to bring track conditions up for passenger service. 


Photo 016: Tomah Rd Crossing BNSF Joint Main 1 MP 37.5 View North. The track centerline is 
approximately 80 ft from the edge of the highway frontage road. 
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Photo 017: UPRR Joint Main 2 approximate MP 39 east of US Highway 85 View South. This is a private 
crossing location, typical of many in the open area. The right-of-way is 100 ft. The track condition is very 
good with 133 lb CWR, stamped 1996, on timber ties and a substantial hard rock ballast section. A 
number of ties have been replaced in a recent tie gang operation. 


Photo 018: UPRR Joint Main 2 approximate MP 39 east of US Highway 85 View North. The line has a 
series of 2 degree curves separated by short tangents at this point. 
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Photo 019: Palmer Lake MP 52.0 County Line Rd Grade Crossing View North. UPRR Joint Main 1 is on 
the west and BNSF Joint Main 2 is on the east. Two miles north of this point at Spruce MP 48.8, the Santa 
Fe crossed over the Rio Grande. Thus, the BNSF line is now on the east. Signaling is ABS to the north on 
each line and CTC to the south. This is the high point on the Joint line with an elevation of 7,041 ft. A 
long up grade runs south from Sedalia MP 24.4 elevation 5862 ft to Palmer Lake MP 52.0 elevation 7041. 
The climb of 1179 over 27 .6 miles averages 0.8%, although the final two miles include a short grade of 
2.15%. Both lines include a number of 2-3 degree curves back to Sedalia, which will limit speeds on this 
segment. 


Photo 020: Palmer Lake MP 52.0 County Line Rd Grade Crossing View South. The BNSF and UPRR lines 
merge to single track through Palmer Lake for a distance of 32.4 miles, where the second main is resumed 
at CREWS MP 84.4. The single main is owned by UPRR and passes to the west side of the lake. The 
BNSF has trackage rights. 
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Photo 021: Palmer Lake MP 52.0 County Line Rd Grade Crossing View South. Historically, the Santa Fe 
was constructed on an alignment to the east side of the lake. This was converted to a multiple purpose 
trail from Palmer Lake extending south about 15 miles. 


Photo 22: Palmer Lake MP 52.0 UPRR Single Main Line View South. The track is a heavy weight CWR on 
concrete ties and hard rock ballast. The right-of-way appears to be 100 ft, which would allow the 
construction of a second track. 
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Photo 023: Abandoned Santa Fe Alignment at Route 105 Crossing in Monument View North. The trail 
proceeds north though Palmer Lake. Just to the south, the trail passes through the town of Monument. 
Much of the right-of-way has been used for buildings in downtown making reconstruction of the track on 
the original right-of-way very difficult. 


Photo 024: Abandoned Santa Fe Alignment at North Gate to Air Force Academy View South. The Santa 
Fe Trail includes a new bridge over the roadway entrance to the Academy. The right-of-way is intact 
through the Academy property, but has been taken by I-25 just south. 
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Photo 025: Abandoned Santa Fe Alignment at North Gate to Air Force Academy View North. The 
alignment continues to the north, while the Santa Fe Trail takes a sharp bend east and is constructed ona 
new segment for about a mile leaving the old grade in place. 


Photo 026: Former Santa Fe Alignment at E. Fillmore St Crossing Route 38 in Colorado Springs View 
South. The track and crossing materials are intact at this point and used to serve industry to the north. A 
former wye connection and diamond crossing with the Rock Island Railroad existed just to the south, but 
the Santa Fe tracks have been removed, leaving the wye and the Rock Island track, which extends west to 
connect to the UPRR Joint Line Main 1. 
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Photo 027: Former Santa Fe Alignment at Fillmore Crossing Route 38 in Colorado Springs View North. 
Much of the right-of-way further to the north has been taken for industrial or commercial buildings and 
roadway. The track ends a short distance to the north. 


Photo 028: Abandoned Santa Fe, now Shooks Run Trail View South at Jackson St. This is a popular 
recreational trail running on the former Santa Fe alignment through downtown Colorado Springs. 
Within 2 miles, the old right-of-way is no longer in place, making this alignment difficult to restore for a 
new passenger rail line. 
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Photo 029: Single Line Joint Main View South at MP 74.9. This is the site of the former Denver, Rio 
Grande & Western station in Colorado Springs. The property is owned by UPRR. The main runs through 
a multiple track yard just south of the station site. The former station houses shops and restaurants. 
Approximately 4 miles to the south at Kelker MP 78.8, the UPRR Ft Carson Line extends to the west and 
the former DRG&W line is abandoned. The right-of-way is occupied by E. Las Vegas Street and Colorado 
State Highway 85/87. The Joint Line continues south as a single main line track owned by the BNSF on 
the former Santa Fe right-of-way to Crews MP 84.4. 


Photo 030: Single Line Joint Main View North at MP 74.9. The station is visible on the east side. A large 
vacant property exists on the west side of the tracks between Bijou St and Colorado Ave, which could be 
suitable for a new station. 
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Photo 031: Crews MP 84.4. At this point the Santa Fe built a truss bridge over the DRG&W, placing the 
Santa Fe track on the west of the DRG&W to the south. Under current conditions, the Joint Line single 
track CTC main ends, and the line is operated as a single track from Crews north to Palmer Lake. 
Extending to the south, BNSF owns Main 1 and UPRR Main 2. Main 1 is the southbound western most 
track and Main 2 the northbound easternmost track. Each operates with automatic block signals (ABS). 


Photo 032: Nixon Power Plant UPRR Spur Approximate MP 93 View South. The spur track connects to 
Joint Main # 2 owned by the UPRR. This allows empty trains to exit the mine, travel south for a couple of 
miles and turn north on Joint Main #2. A loaded train is visible to the west traveling southbound on Joint 
Main #1. The right-of-way is approximately 200 ft wide at this point and runs adjacent to and parallel to 
I-25 and its access road. This is exit 123. Northbound Joint Main # 2 is on the east side of the creek, 
approximately one half mile to the east of Main # 1. 
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Photo 033: View East Across Multiple Tracks at Bragdon MP 108.6. UPRR Main # 2 and a siding are off to 
the east. BNSF Main # 1 and a siding are located in the foreground. This site provides a universal 
crossover, allowing southbound trains to cross from Joint Line Main # 1 and proceed southbound on Joint 
Line Main # 2. Similarly, northbound trains can cross from Joint Main # 2 to Joint Main # 1. This allows 
for continued operations while maintenance is performed. 


Photo 034: Track Maintenance Equipment at Bragdon MP 108.6. The corridor is at least 500 ft wide at this 
point, providing sufficient space for a range of improvements. Main # 1 owned by BNSF is 136 lb CWR 
on timber ties and hard rock ballast. The track is in excellent condition and supports relatively high 
speed unit coal train operations as the grades range from zero to -1.0% (downhill in the predominant 
south bound direction) and curves are typically 1%, providing essentially no restriction to typical freight 
speeds. 
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Photo 035: Bragdon MP 108.6 View North Along BNSF Owned Main # 1. A unit coal train waits in the 
distance for a clear signal. The main track, a siding and the north end of the left hand crossover are 
visible in this photo. A through girder bridge and several precast concrete approach spans cross over a 
creek bed. Bragdon is the southernmost point of the Joint Line. The BNSF track extends southwest from 
Bragdon to Pueblo, crossing over I-25 to enter Pueblo from the northwest 


Photo 036: BNSF Platteville Rd Crossing MP 113.3 View North. This segment offers a wide right-of-way, 
light grades and gentle curvature. An industry siding lies to the west. The main line is 136 Ib CWR on 
timber ties and hard rock ballast. The track is in excellent condition. 
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Photo 037: BNSF Platteville Rd Crossing MP 113.3 View South. This point is several miles north of the 
historic Union Staton and Pueblo Junction, where the BNSF, UPRR and former Denver and New Orleans 
Railroad come together. The BNSF operates in both directions on this line under CTC. 


Photo 038: UPRR US Highway 50/State Highway 40 Overpass Approximate MP 113. The UPRR mainline 
runs parallel to and east of I-25 north of Pueblo. Several roadways crossover the tracks on elevated 
structures at this location, approximately 7 miles north of Pueblo Junction. The UPRR operates in both 
directions on this single track mainline. It appears that this area may have previously included multiple 
tracks as the grade crossing structures provide wide clear spans and the roadbed is graded for a wide 
access roadway. 
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Photo 039: BNSF Spanish Peaks Sub MP Lime Road Crossing View South. There are two main tracks. 
The track on the east is the UPRR Main 2; the west is BNSF Main 1. This site is approximately 6 mi south 
of Pueblo at I-25 Exit 91. The BNSF main track is 119 Ib CWR on timber ties suitable for the timetable 
speed of 49 mph, while the UPRR is a lighter weight bolted rail consistent with the timetable speed of 30 
mph. Both tracks operate under Track Warrant Control (dark territory). Each track is dispatched by the 
owning railroad. This two track configuration exists between Salt Creek Junction MP 121.2 and 
Walsenburg MP 171.6. 


Photo 040: BNSF Spanish Peaks Sub MP Lime Road Crossing View North toward Pueblo. There is room 
for additional tracks, although the relatively light traffic and relatively tangent alignment should permit 
high speed operations without significant freight conflicts. Curvature may limit speeds to less than 110 
mph, although it may be possible to reconstruct some of the curves to achieve greater speeds, as the 
terrain is relatively gentle and rural. 
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Photo 041: BNSF Spanish Peaks Sub County Rd 110 Crossing View South toward Walsenburg. The 
Spanish Peaks of the Sangre de Christo Mountains are visible in the background about 30 miles to the 
southwest. The BNSF and UPRR tracks run parallel. The westernmost track is the BNSF, employing 119 
lb CWR, while the UPRR is bolted. 


Photo 042: BNSF Spanish Peaks Sub County Rd 110 View North. A siding or spur lies to the west of the 
BNSF main. 
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Photo 043: BNSF Spanish Peaks Sub County Rd 103 View South. This site is north of Walsenburg at the I- 
25 exit 57 (Huerfano Butte exit). The railroad lies approximately five miles east of the highway. County 
Road 103 crosses the railroad employing a narrow culvert style grade separation. 


Photo 044: BNSF Spanish Peaks Sub County Rd 103 View North. Approximately one mile to the north, 
the railroad crosses Mustang Arroyo on a steel bridge structure. 
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Photo 045: BNSF Spanish Peaks Sub at Walsenburg View North. This is the site of the historic passenger 
rail station built by the Denver Rio Grande &Western Railway. A yard facility lies to the north. 


Photo 046: BNSF Spanish Peaks Sub at Walsenburg MP 172 View North from US Route 160 Crossing. 
Multiple grade crossings exist in the town. At this point, the BNSF and UPRR separate with the BNSF 
extending south to Trinidad, while the UPRR extends west toward La Veta. 
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Photo 047: BNSF Spanish Peaks Sub at Walsenburg MP 172 View South from US Route 160 Crossing. 
The alignment curves abruptly to the southeast employing a 7-8 degree curve. Passenger speeds will be 
relatively slow through the town. 


Photo 048: BNSF Spanish Peaks Sub at Walsenburg View South. South of Walsenburg, the BNSF curves 
abruptly to avoid the high ground. The BNSF has installed 141 Ib CWR on concrete ties through this 
curved segment. 
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Photo 049: BNSF Spanish Peaks Sub at Aquilar MP 190.5 View South from State Highway 60 Crossing. 
The rail alignment closely parallels the highway, just east of the foothills. 


Photo 050: BNSF Spanish Peaks Sub at Aquilar MP 190.5 View North at an End of Siding from State 
Highway 60 Crossing. This line includes CTC signaling as evidenced by the wayside signals, electric 
switch machine and switch point heater/blower. 
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Photo 051: BNSF Spanish Peaks Sub at El Moro Rd Crossing Approximate MP 206 View South. The 
BNSF has a yard at this site, approximately three miles north of Trinidad. 
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Photo 052: BNSF Spanish Peaks Sub at El Moro Rd Crossing Approximate MP 206 View North. The 
siding ends here to provide a single main line track. 
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Photo 053: BNSF Spanish Peaks Sub at Trinidad Amtrak Station View South. The right-of-way includes 
two existing tracks and an Amtrak passenger station platform. The Southwest Chief provides daily 
service between Chicago and Los Angeles through Kansas City and Albuquerque with stops at Colorado 
communities: Lamar, La Junta and Trinidad. 


Photo 054: BNSF Spanish Peaks Sub at Trinidad Amtrak Station View North. The site is under 
construction with the replacement of the I-25 elevated structure. The Amtrak station is served by a 
temporary building. 
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Photo 055: BNSF Raton Sub Approximate MP 641.10 County Road 18.3 Crossing. This site is 
approximately 5 miles south of Trinidad. The crossing includes timber roadway components and 
flashers. The terrain is becoming rugged and rises from Trinidad to Raton Pass near the State border. 


Photo 056: BNSF Raton Sub MP 641.10 County Road 18.3 Crossing View South. The west track is 141 lb 
CWR rolled in 2002. Insulated track joints are provided at the crossing. The eastern track is bolted rail. 
Both tracks are in good condition, although some mud is visible at the crossing. 
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Photo 057: BNSF Raton Sub MP 641.10 County Road 18.3 Crossing View North. The right-of-way is wide 
and traffic is relatively light. 


Photo 058: BNSF Raton Sub Approximate MP 646 View North. This site is approximately 10 miles south 
of Trinidad along I-25. A roadway overpass connects the interstate with a local parkway. The terrain is 
very rugged, resulting in a very curvy alignment. 
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Photo 059: BNSF Raton Sub Approximate MP 646 View South. The BNSF has constructed two tracks 
from Trinidad south to the Raton Pass Tunnel just south of the Colorado-New Mexico border. Recently, 
the BNSF sold the property from Albuquerque to Trinidad to the State of New Mexico for commuter rail 
service. BNSF retains trackage rights to operate freight service. 


4.2.2 I-25 Highway Corridor and Eastern Plains 


High speed passenger rail systems require long tangents and gradual curves to achieve high operating 
speeds. Grades may exceed those of freight trains, as the equipment is less massive and offers relatively 
high power to weight ratios. In order to construct such alignments without massive earthworks, tunnels 
and disruption to established populations, the I-25 South corridor and the Eastern plains were 
considered. 


Photo 060: I-25 at MP 125 South of Colorado Springs View North. The highway corridor is wide at this 
point including both highway and power line elements. A high speed rail system can fit within the 
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corridor boundaries, but just to the north, through the City, the ROW limits become much more 
restricted. 


Photo 061: BNSF at Lime Rd View North. This site is about 2 mi east of I-25 at Exit 91. Both the highway 
and the railroad run through a relatively flat, sparsely populated landscape. The Eastern plains provide 
conditions conducive to constructing very high speed rail systems in the vicinity of the railroad right-of- 
way. 


Photo 062: BNSF Spanish Peaks Sub at County Rd 103 View North. This site is approximately 10 mi north 
of Walsenburg and 5 mi east of I-25 in the eastern plains. No significant obstructions exist. The Eastern 
plains provide conditions conducive to constructing very high speed rail systems in the vicinity of the 
railroad right-of-way. 
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Photo 063: I-25 at MP 25 Approximately 10 mi North of Trinidad View North. The eastern plains are 
relatively flat with eroded waterways posing the only obstacle to rail construction. The population is 
very sparse except for occasional small towns between Pueblo and Trinidad. 


Photo 064: I-25 Corridor 5 mi North of Trinidad View North. Lots of room exists within or adjacent to the 
highway corridor for construction of a high speed rail facility. The terrain is not nearly as imposing as 
that to the west along the Front Range. 
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Photo 065: I-25 Corridor 10 mi South of Trinidad View North. The BNSF Railroad, I-25 and a local 
roadway run through a canyon formed by the river. Sufficient space exists to construct another mode 
with some excavation and acceptance of some curvature to stay within the confines of the canyon. 


4.2.3 Conclusions 


e The Existing Rail corridor, the I-25 corridor, and the Eastern Plains all provide good conditions 
for upgrading track or building a new right-of-way for the various types of high speed rail. 


e =The I-25 highway corridor and the eastern plains are generally suitable for the construction of a 
variety of high speed rail modes, including steel wheel on steel rail and maglev. The existing 
Joint Line corridor may be suitable for the construction of steel wheel on steel rails modes. 
However, many segments (of the Joint Line) contain limited right-of-way and abrupt curvature, 
resulting in slow speeds. 


e Issues for the I-25 South corridor include access to downtown Denver; limited right-of-way 
through Castle Rock, Palmer Lake, and Colorado Springs; and slow moving and frequent coal 
trains on the Joint Line 
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4.3 Denver to Cheyenne 


The study team inspected existing and potential high speed rail corridors between Denver and Cheyenne 
during the periods of June 13, July 2, and September 10, 2008. The inspection included the historic rail 
corridors owned by BNSF and UPRR and the I-25 highway corridor. The inspection served to document 
the observed existing conditions and identify any significant challenges to the construction of new high 
speed rail infrastructure. Exhibit 4-3 shows the potential rights-of-way being considered for this route 
segment. 


Exhibit 4-3: North I-25 Corridor Representative Rights-of-Way 
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4.3.1 UPRR Greeley Subdivision 


In 1868 the Denver Pacific Railway began construction of a rail line linking the City of Denver to the 
national rail network and transcontinental line at Cheyenne, WY. The alignment followed the South 
Platte River through Greeley and was completed in 1870. In 1880, the railroad merged with the Kansas 
Pacific and Union Pacific, eventually becoming a Union Pacific property. Currently, the line is operated 
as Union Pacific’s Greeley Subdivision, serving as a freight line. No regularly scheduled passenger 
service operates on the line. 


Specific photos and observations of the route from Denver Union Station north to Greeley and Cheyenne 
follows. 


Photo 066: UPRR Greeley Sub MP 5.0 at Sand Creek View North. A yard facility lies to the north on the 
west side of the tracks. Space is a bit constrained to the north for the next mile with a number of industry 
access tracks branching of the UPRR single track mainline. 
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Photo 067: UPRR Greeley Sub MP 5.0 at Sand Creek View South. The UPRR Greeley Sub and BNSF 
Brush Sub cross at this point under the I-270 Highway overpass. A northwest quadrant wye track 
enables an interchange between the two carriers. Railway bridges just south of the highway overpass 
span East 60th Ave and Sand Creek. The UPRR employs a two track main south of this point to Denver 
Union Station. Construction of a high speed rail facility through this point at grade will be a challenge. 
Because of capacity constraints through the junction, RTD FasTracks chose to completely avoid this area 
with their proposed Metro North corridor. Implementation of the R2C2 reroute, which would remove 
many of the BNSF freight trains from this corridor, would make it easier for intercity passenger trains to 
pass through this junction at grade. There is sufficient room to reconstruct the junction, but such activity 
will be costly. 


Photo 068: UPRR Greeley Sub MP 13.6 at 96th Ave Crossing View North. An automobile distribution 
facility lies just north on the west side of the track. I-76 crosses over the railroad corridor about one mile 
north. A petroleum products tank farm lies on the east. These facilities serve to constrain the right-of- 
way at this location. 


TEMS, Inc. / Quandel Consultants, LLC October 2008 85 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


Photo 069: UPRR Greeley Sub MP 13.6 at 96th Ave Crossing View South. The surrounding property 
becomes increasingly developed with industry and residential construction to the south. 


Photo 070: UPRR Greeley Sub MP 13.6 at 120th Ave Crossing View North. The track is in good condition, 
employing 133 lb CWR, timber ties and hard rock ballast. The crossing includes a concrete crossing 
surface and flashers and gates. The right-of-way is about 100 ft. Approximately one mile to the north 
State Highway 470 spans the railroad and the adjacent US Highway 85. Spacing of the piers and 
overhead clearance appears sufficient for high speed rail. 
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Photo 071: UPRR Greeley Sub MP 13.6 at 120th Ave Crossing View South. This site is in the small town 
of Henderson. US Highway 85 runs along the west side of the tracks with a clear strip of approximately 
200 ft between the pavement edge and the track centerline, providing sufficient space for a high speed 
rail mode. 


Photo 072: UPRR Greeley Sub MP 19.95 at County Road 168th St Crossing View North. The mainline is 
on the east and a yard lead is on the west. A gas pipeline runs on the east along with an irrigation canal. 
The right-of-way and clear area including the parallel roadway on the west provides a multiple hundred 
ft corridor. 


TEMS, Inc. / Quandel Consultants, LLC October 2008 87 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


Photo 073: UPRR Greeley Sub MP 19.95 at County Road 168th St Crossing View South. A rail yard lies 
just to the south on the west side. The crossing includes a new concrete surface for the yard lead and 
rubber for the main line, along with gates and flashers. Approximately one to two miles south, the right- 
of-way narrows to about 100 ft through the town of Brighton. 


Photo 074: UPRR Greeley Sub MP 30.0 at County Road 22 Crossing View North. The railroad runs 
parallel to US Highway 85, separated by approximately 200 ft between the roadway shoulder and the 
track centerline. The track is 133 Ib CWR and very tangent with slight grades, as the terrain is very flat in 
this region. Irrigation canals run on both sides of the railroad. 
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Photo 075: UPRR Greeley Sub MP 30.0 at County Road 22 Crossing View South. A natural gas pipeline 
runs on the east side of the track near the edge of the right-of-way constraining the addition of track 
structure to within the right -of-way. 


Photo 076: UPRR Greeley Sub MP 36.0 at County Road 34 Crossing View North. This site is just north of 
the small town of Platteville. The right-of-way is about 100 ft. The rail is 133 Ib CWR on timber ties. The 
crossing employs concrete panels and crossbucks. 
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Photo 077: UPRR Greeley Sub MP 36.0 at County Road 34 Crossing View South. 


Photo 078: UPRR Greeley Sub MP 50.28 22nd St Crossing View North. The right-of-way is about 100 ft 
extending north through the urban area. A canal runs parallel to and just west of the track. The track is 
133 Ib CWR on timber ties and hard rock ballast. The crossing includes concrete crossing panels, flashers 
and gates. The line employs CTC. 
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Photo 079: UPRR Greeley Sub MP 50.28 22nd St Crossing View South. This site is in Greeley. The photo 
depicts a wide right-of-way of approximately 200 ft occupied by a single track railroad and a power line. 
Sufficient space exists to build a high speed rail system adjacent to the freight mode at grade at 28 ft track 
center spacing. 


Photo 080: UPRR Greeley Sub MP 53.73 O St Crossing View South toward Greeley and US Highway 85 
Overpass. The track is comprised of 113lb CWR on timber ties and hard rock ballast. A siding is on the 
east. The right-of-way is about 100 ft, permitting the permitting the construction of an adjacent track at 
typical 14 ft track centers. 
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4.3.2 Great Western Railway of Colorado (GWRCO) Greeley to Ft. Collins 


In 1881, the Greeley, Salt Lake and Pacific Railway constructed a railroad between Greeley and Ft. 
Collins, connecting to the Denver Pacific Railway at Greeley. It is reported that the line was originally 
intended to become a southern branch of Union Pacific’s transcontinental railroad operating through 
northern Colorado. In 1898, the line was incorporated in the Colorado and Southern Railway, eventually 
becoming part of the Chicago, Burlington and Quincy Railroad, predecessor to the BNSF. The BNSF sold 
the line to OmniTrax, which operates the property as a short line railroad, the Great Western Railway of 
Colorado. 
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Photo 081: GWRCO 8th Ave Crossing in Greeley MP 98.3 View West. The line extends west to Ft. Collins 
passing through the small towns of Windsor and Timmoth. The right-of-way appears to be fairly narrow 
at this point, possibly 50 ft. The track extending to the north is a former northwest quadrant wye that is 
currently out of service. The track is in fair condition, suitable for low speed freight trains. Use by high 
speed rail will require a substantial reconstruction. 
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Photo 082: GWRCO 8th Ave Crossing in Greeley MP 98.3 View East. A sharp curve to the south connects 
the GWR to the UPRR Greeley sub, just to the east. The roadway crossing includes a new concrete panel 
surface and gates with cantilevered flashers, evident of significant freight traffic, auto traffic or both. 
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Photo 083: GWRCO 11th Ave Crossing in Greeley MP 98.0 View West. This is another new crossing with 
a concrete surface and cantilevered flashers without gates. The ROW is relatively narrow, but could 
accommodate two tracks with either relocation of the existing track or construction of an adjacent track 
with standard 14 ft track centers and retaining walls or ballast curbs as necessary. Constructing tracks at 
28 ft centers will require additional right-of-way. 
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Photo 084: GWRCO 11th Ave Crossing in Greeley MP 98.0 View East. Some recent ballast work is 
evident. Note that the rail is relatively light and bolted. 


Photo 085: GRWCO at Highway 392 Crossing MP 87.37 in Windsor View East. The right-of-way remains 
very narrow at about 50 ft, but the terrain is flat. 
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Photo 086: GRWCO at County Road 13 Crossing MP 83.8 East of Timnath View East. The right-of-way 
has expanded to 100 ft at this point, but the track has seen relatively little maintenance. The ballast is 
fouled and cross drainage plugged. 


Photo 087: GRWCO at County Road 13 Crossing MP 83.8 East of Timnath View West. 
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Photo 088: GWRCO at Harmony Rd (County Rd 38/68) MP 82.3 East of Timnath View East. The right-of- 
way is 100 ft. This crossing includes a concrete crossing surface, gates and flashers. The track is in fair 
shape with light weight bolted rail, mid life timber ties and fouled ballast. Recent ballast additions are 
evident. The line is dark territory (un-signaled). 


Photo 089: GWRCO at Harmony Rd (County Rd 38/68) MP 82.3 East of Timnath View West. The pink 
granite ballast is relatively new. About 1.5 miles west of this crossing, the railroad goes under the I-25 
highway overpass. While we could not approach the overpass point, we anticipate that the overpass 
width is sufficient for two or three tracks based on typical I-25 construction at other rail crossing 
locations. 
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Photo 090: GWRCO at E. Drake Rd. Crossing MP 78.67 View East. As is evident in the photo, the ballast 
is fouled and the ties sunken. The line crosses a creek on a short steel girder bridge. This area may be 
subject to flooding, based on the track condition. The rail is lightweight and bolted. 
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Photo 091: GWRCO at E. Drake Rd. MP 78.67 View West. Most of the existing residential housing 
extends to the west of Drake Rd. Additional development is evident just south of the rail corridor. The 
right-of-way appears to be about 50 ft wide at this point. 
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Photo 092: GWRCO at Prospect St Crossing MP 77.2 View East. This is a busy roadway crossing with 
four traffic lanes and a center median. 


Photo 093: GWRCO at Le May Ave Crossing MP 75.91 View East. The railroad runs parallel to Riverside 
Ave. In the past, multiple tracks existed at this point. The right-of-way is wide and sufficient for the 
construction of other transportation facilities. 
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Photo 094: UPRR Ft Collins Station. MP 74.5. The GWRCO and UPRR tracks run side by side north of 
Riverside for about 1.5 miles. The UPRR terminates at the historic Ft. Collins train depot. GWRCO 
property continues to the north and east to the former BNSF Ft Collins North Yard. The train depot is 
occupied by an architectural firm. 


Photo 095: Wye Track Connecting the GWRCO and BNSF View South. This track appears to have been 
recently reconstructed with a heavy weight bolted rail section on concrete ties and new ballast. 
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Photo 096: Wye Track Connecting the GWRCO and BNSF View North. The crossing surface is new with 
concrete panels. The BNSF connection track curving to the right, featuring concrete ties with good 
surface, starts immediately past the crossing. 


Photo 097: GWRCO and BNSF at Vine St BNSF MP 77.41 View South. This site is at the north end of Ft 
Collins, just south of the AB Brewery. The BNSF crosses Vine St on a well constructed track featuring 136 
Ib CWR on timber ties and a substantial, clean ballast section. An old Greeley, Salt Lake and Pacific 
branch line track lies adjacent. The BNSF Ft Collins North Yard is located roughly one half mile ahead 
along Vine St. It is reported that GWRCO operates the North Yard and serves the AB Brewery under a 
property lease/purchase arrangement with BNSF. The corridor is of sufficient width to construct 
additional tracks as necessary to serve high speed rail. 
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4.3.3 BNSF Front Range Sub 


BNSF’s Front Range Subdivision runs north from the Denver Union Terminal to Cheyenne, WY through 
Boulder, Longmont and Ft Collins, a distance of approximately 120 miles. The Denver RTD is planning 
to construct a new transit system segment from Denver to Longmont on the BNSF property employing 
DMU technology and sharing the track with the existing freight service. Generally, RTD will construct a 
second track adjacent to the existing track, except where constrained by very narrow right-of-way. RTD 
plans to operate up to 66 trains per day, making this a very busy corridor. 


Photo 098: BNSF Front Range Sub at MP 5.5 US 287 Overpass View Southeast. The right-of-way is wide 
at this point, ranging from 100 to 150 ft. In addition, the line is tangent with a slight 1 % upgrade. 


Photo 099: BNSF Front Range Sub at MP 5.5 US 287 Overpass View Northwest. This line operates under 
Track Warrant Control (TWC) and is not signaled. 
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Photo 100: BNSF Front Range Sub at MP 6.3 W. 72nd Ave Crossing View Southeast. The crossing 
includes concrete panels and flashers and gates. 


Photo 101: BNSF Front Range Sub at MP 6.3 W. 72nd Ave Crossing View Northwest. The track curves 
slightly to the north just beyond the crossing. The track is in good condition with 132 Ib CWR on timber 
ties. The track speed is 25 mph. 
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Photo 102: BNSF Front Range Sub at MP 9.0 W. 88th Ave Crossing View Southeast. This highly skewed 
crossing includes concrete crossing panels, gates and flashers. 


Photo 103: BNSF Front Range Sub at MP 9.0 88th Ave Crossing View Northwest. The right-of-way is 
approximately 100 ft in width, providing sufficient room for the construction of additional tracks. The 
track speed is 49 mph at this point. 
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Photo 104: BNSF Front Range Sub at MP 14.0 120th Ave Crossing View Southeast. The right-of-way 
includes two tracks. 


Photo 105: BNSF Front Range Sub at MP 14.0 120th Ave Crossing View Northwest. The easternmost 
track diverges to the east. 
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Photo 106: BNSF Front Range Sub at MP 19.4 Lock St STH 42 Former Crossing View Southeast. 


Photo 107: BNSF Front Range Sub at MP 19.4 Lock St STH 42 Former Crossing View Northwest. This site 
is approximately half a mile south of the town of Louisville and eight miles from Boulder. The railroad 
operates a single track at 30 mph in a 100 ft right-of-way. 
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Photo 108: BNSF Front Range Sub at MP 60.9 7th St Crossing in Loveland View North. This is the site of 
the former depot. The right-of-way is approximately 60 ft wide at this point, but narrows to the south. 


Photo 109: BNSF Front Range Sub at MP 70.8 View North. This site is approximately four miles south of 
Ft. Collins 
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Photo 110: BNSF Front Range Sub at MP 72.8 View South. The right-of-way is very narrow at this point. 
The track speed is 40 mph. 


Photo 111: BNSF Front Range Sub at MP 73.54 Mason St in Ft. Collins View North. The tracks run in the 
street for about one mile. 
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Photo 112: BNSF Front Range Sub at MP 77.4 View North. The line runs north to the AB brewery, 
crossing Vine St. 


Photo 113: BNSF Front Range Sub at MP100.2 County Rd 92 Grade Crossing View South. The rail is 112 
Ib CWR on timber ties. The grade crossing includes cross bucks and a timber crossing surface. The right- 
of-way is approximately 200 ft. 
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4.3.4 Interstate-25 


High speed passenger rail systems require long tangents and gradual curves to achieve high operating 
speeds. Grades may exceed those of freight trains, as the equipment is less massive and offers relatively 
high power to weight ratios. In order to construct such alignments without massive earthworks, tunnels 
and disruption to established populations, the I-25 North corridor was considered. 


Photo 114: I-25 North of State Highway 470 View North. The highway corridor is quite wide at this 
point, approximately 400 ft from fence line to fence line. It is possible to construct a high speed rail mode, 
either in the median or adjacent to the highway on either side. The median is typically 40 ft in width, 
allowing either at grade or elevated construction. Access roadways are existing or under construction on 
each side. Overhead bridges and location of piers in median is also a consideration. 


Photo 115: I-25 MP 235 at State Highway 52 Overpass View North. A median high speed rail alignment 
could be constructed within the depressed median without modification to the existing highway 
overpass. Construction on the shoulder may require reconstruction of the structure. 
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Photo 116: I-25 MP 243 at State Highway 66 Longmont View North. The interstate is under construction 
at this point and passes over the state highway. The right-of-way is wide and essentially tangent, suitable 
for construction of multiple high speed rail modes. Either median or shoulder alignments would require 
the construction of new grade separation structures to cross the existing intersecting roadway 
infrastructure. 


Photo 117: I-25 MP 269 at State Highway 14 Ft Collins View North. The interstate is a bit older at this 
point and the crossing bridge structures have been built with shorter spans and median supports. The 
right-of-way is about 400 ft allowing construction of a high speed rail mode within the corridor. 
Construction in either the median or shoulder is likely to require reconstruction of the highway overpass. 
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4.3.5 Conclusions 


The Denver to Cheyenne section has the following conditions that must be considered in the feasibility 
analysis: 
e The BNSF route from Denver to Boulder and Longmont included a number of abrupt curves, 
which will serve to limit the speed of passenger service. 
e The Greeley route is very straight and wide offering very good geometry for high speed rail 
operations. 
e The I-25 offers a wide right-of-way just as it does south of Denver, although new construction 
will be required at grade separated structures. 
e The Eastern Plains are relatively flat and are only impacted by local waterways and roads. 
e Access to downtown Denver 
e —_ Limited right-of-way through Boulder, Longmont, and Loveland 
e Planned commuter rail service on the BNSF line 
e BNSF street running alignment in Ft Collins 


4.4 I-70 Corridor: Denver International Airport to Grand Junction 


The objective of the Rail Feasibility Study is to assess the feasibility of implementing high speed rail 
service within the I-25 and the I-70 corridor. The I-70 Corridor is generally described as beginning at DIA 
with an alignment to downtown Denver with continuation to Grand Junction. See Exhibit 4-4. 


Exhibit 4-4: I-70 Corridor Representative Rights-of-Way 
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The I-70 corridor also includes secondary routes to the following destinations: 
e Black Hawk/Central City/Gilpin County 
e Winter Park/Grand County 
e Breckenridge (including Arapahoe Basin/Keystone/Dillon/Frisco) 
e Aspen (including Cottonwood Pass/Pitkin County) 
¢ Steamboat Springs/Routt County/Craig/Moffat County 


The intent of this section of the report is to describe existing conditions relevant to the development of 
high speed rail service within the I-70 corridor. An inspection of the I-70 corridor and secondary routes 
was conducted July 28 to 30, August 5 and 6, and September 10 and 11. The inspection documented the 
existing conditions and served to identify challenges to the construction of rail in the corridor. 


The series of photographs that follows represents the findings for the I-70 corridor from Denver 
International Airport to Grand Junction. In order to present these findings, a representative route was 
developed from DIA to Grand Junction and I-70 via downtown Denver. This representative route is as 
follows: 


e DIA to Downtown Denver by following an alignment west parallel to 96 Street through property 
known as the Rocky Mountain Arsenal to the BNSF Brush Subdivision which parallels State 
Highway 2 into Downtown Denver. 


e¢ Downtown Denver to the Ford Street area in Golden following the BNSF Golden Subdivision. 


e Ford Street area in Golden to I-70 following an alignment parallel to US 6 through the Clear 
Creek Canyon to I-70. A parallel alignment following I-70 through El Rancho/Evergreen to the 
bottom of Floyd’s Hill was also examined for this report. 


e I-70 to Grand Junction following an alignment that was assumed to lie generally within the I-70 
highway corridor, with the option of using the existing UPRR rail line left of Minturn. 


e¢ Secondary Corridors. 


The alignment options have not yet been finalized from the boundary of the DIA Airport property into 
the main terminal. The 11-mile long Pena Boulevard Transportation Corridor’s primary purpose is to 
provide right-of-way to/from the Airport for surface transportation, including rail. The DIA Manager of 
Aviation has indicated a preference that all future rail connections to DIA should terminate at a rail 
station located at the Jeppesen Terminal. The DIA Airport is studying the feasibility of including the 
accommodation of high-speed rail interconnectivity within the same station proposed to serve the RTD 
East Corridor/ FasTracks commuter rail. One possible alignment may continue along 96th Avenue 
easterly to E-470, then south along an E-470 alignment to approximately 78th Avenue, and then easterly 
along the north side of 78th Avenue, paralleling 78th Avenue and the FasTracks Commuter Rail 
alignment, into the Terminal. However, other alignments may be considered provided they do not 
compromise the aeronautical integrity/function of the Airport. 
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4.4.1 DIA to Downtown Denver 


Photo 118: View East to Airport along 96" Street. Sufficient area exists through the former Rocky 
Mountain Arsenal property for an at-grade guideway from DIA to the BNSF Brush sub bordering County 
Highway 2. 


Photo 119: View West toward BNSF Brush Subdivision (HWY 2) along 96th Street. A subdivision is north 
of 96th Street. A bike path exists along the south side of 96th Street. 
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Photo 120: View East toward DIA along 96th Street. This location is the crossing of the BNSF Brush 
Subdivision with 96th Street. 


Photo 121: View South along County Highway 2 approaching Rosemary Street. The BNSF property is on 
the east side with sufficient space to build an at-grade guideway. Sufficient space also exists on the west 
side of Highway 2 for a Greenfield at-grade guideway. 
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Photo 122: View South along County Highway 2 approaching 72nd Ave. Urban growth would require 
taking developed properties for implementing a Greenfield guideway south of this point. The BNSF rail 
line also continues south paralleling Highway 2. 


Photo 123: View South from Sand Creek Interlocking Junction. The at-grade rail crossing almost 
immediately underneath the I-270 bridge may make it difficult to grade separate passenger trains from 
freight trains if a crossing movement is needed. FasTracks is seeking to build a new alignment around the 
area to avoid this junction. 
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Photo 124: View North from Sand Creek Interlocking Junction. Sufficient land is available alongside the 
BNSF rail line to add an at-grade passenger rail guideway. 


Photo 125: View South along the BNSF Brush Subdivision at Race Street north of I-70. Sufficient land area 
is available on the east side of the existing railroad bed for construction of an at-grade guideway. 
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Photo 126: Denver Union Station. This station stub-ends at 16th Street and there is concern that the 
proposed station design may not provide sufficient room to accommodate intercity passenger rail needs. 


4.4.2 Downtown Denver to the Ford Street area in Golden 


Photo 127: View East at MP 6.94 (Lamar St) on the Golden Subdivision. FasTracks intends to implement 
commuter rail service on this alignment with the final design and construction occurring between 2009 
and 2015. The right-of-way varies from 50 to 100 feet along the Golden Subdivision. While FasTracks 
will occupy some of this right-of-way, it appears that the ROW is still sufficient to allow for the addition 
of an additional track, possibly on an elevated rail structure on the south side of the proposed FasTrack’s 
alignment within the right-of-way. 
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Photo 128: View West from the Sheridan Road Overpass. This location is the junction of UPRR Moffat 
Line and the Golden Subdivision of the BNSF. The Golden Subdivision diverges on the left side. 


Photo 129: View West Located North of Coors Brewery. At this location on the Golden subdivision, 
sufficient right-of-way exists to allow for the construction of an additional track, possibly on an elevated 
rail structure along the south side within the ROW. 
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Photo 130: View East Located North of Coors Brewery. While the highway is close to the railroad on the 
north side, an additional track could be added on the south side. 


Photo 131: View East from just North of Depot St. At this location on the Golden subdivision, sufficient 
right-of-way continues to exist for the construction of an additional track, possibly on an elevated rail 
structure along the south side within the ROW. 
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Photo 132: View East in Golden close to the intersection of Ford St and Highway 5. The BNSF Golden 
Subdivision ends at Ford St. A possible passenger rail alignment approaching the Clear Creek Canyon 
may continue through this area of Golden paralleling SH 58 westerly towards US 6. There appears to be 
sufficient room to add a guideway in the area south of Highway 5. 


Photo 133: View South in Golden close to the intersection of Ford St and Highway 58. An alignment 
headed towards the Clear Creek Canyon would cross Ford St, possibly on an overhead structure and 
travel westerly toward US 6. 
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4.4.3 Ford Street area in Golden to I-70 


Photo 134: View West in Golden close to the intersection of Ford St and Highway 58. A possible 
alignment would parallel State Highway 58 toward US 6. 


Photo 135: View East at Intersections of State Highways 58 and 93 with US 6: A possible alignment from 
the Ford St area would parallel State Highway 58 and continue along US 6 toward the intersection of US 6 
up towards the Clear Creek Canyon. 
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Photo 136: View East Clear Creek Canyon US 6. This highway has topographical features that make 
construction difficult. As seen in this photo, developing a horizontal geometry for high speed rail 
transportation is challenging. It may be necessary to accept some speed restrictions through the canyon. 


Photo 137: View West in Clear Creek Canyon (US 6). The Clear Creek flows through the canyon in very 
close proximity to US 6. 


TEMS, Inc. / Quandel Consultants, LLC October 2008 122 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


Photo 138: View West on US 6 at Tunnel 1, MP 270. A short tunnel is required in this vicinity for a rail 
alignment. 


Photo 139: View West at MP 269 on US 6. The horizontal geometry of US 6 presents challenges for 
efficient high speed operation, which may be mitigated to some degree through use of tunnels to ease the 
sharpest curves. 
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Photo 140: View West in the vicinity MP 267 on US 6. Canyons walls on one side and the Clear Creek on 
the other side provide severe constraints to the location of a rail line in this area. Tunnels may provide a 
viable alternative where the canyon topography does not permit the location of an efficient rail 
alignment. 


Photo 141: View West on US 6 in the vicinity of MP 265.4 approaching Tunnel 2. Clear Creek on one side 
and the canyon wall on the other side constrain the location of the guideway. A tunnel is needed to 
bypass the highway around a sharp bend in the creek. 
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Photo 142: View West on US 6 in the vicinity of MP 264.8 approaching Tunnel 3. 


alignment to Grand Junction may follow US 6 up the Clear Creek Canyon to I-70. A secondary route 
alignment may follow State Highway 119 to Black Hawk. 
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4.4.4 I-70 to Grand Junction 


Photo 144: View West on I-70 in the vicinity of MP 243. MP 243 is just west of the entrance of US 6 onto 
I-70. There is a hillside on the north side of the highway with sheer rock cliffs and the Clear Creek on the 
south side of the highway. 


Photo 145: View East on I-70 in the vicinity of MP243. The median strip is reasonably wide in this 
location. 
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Photo 146: View East toward the Twin Tunnels in the vicinity of MP 242. The Twin Tunnels bypass a 
sharp bend in the Clear Creek Canyon in order to maintain a straight alignment for the highway. 


Photo 147: View West in the vicinity of MP 239. There is a sheer cliff on the north side of the highway 
with Clear Creek on the south side. 
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Photo 148: View West in the vicinity of MP 228, Georgetown valley. There is some room for construction 
of a guideway parallel to the highway in this location, but the mountainsides on both sides of the valley 
are steep. 


Photo 149: View East from existing Eisenhower Johnson Memorial Tunnel (EJMT) on 7% downslope. 
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Photo 150: View West in the vicinity of MP 216 approaching EJMT. Highway gradients in this area 
approach 7%. 


Photo 151: View West approaching the EJMT near MP 216. Approach areas are wide enough for 
construction of at-grade or elevated guideway here. 
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Photo 152: View East toward EJMT on the West Side of the Continental Divide. The approach areas are 
moderately sufficient for construction of at-grade or elevated guideway although farther west the 
highway is constructed on a steep mountainside with 7% grades. 


Photo 153: View West exiting the EJMT near MP 212. From here the highway gradient is 7% downhill to 
Silverthorne. 
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Photo 154: View West in vicinity of MP 208. This location is on the west downslope from the EJMT. 
Constraints include the steep slopes to the north and the steep “drop-off” to the south. 
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Photo 155: View West in the vicinity of MP 203 through Frisco. Urban development comes close to the 
highway alignment on both sides. A secondary corridor to Breckenridge may branch off from this point. 
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Photo 156: View East in the vicinity of MP 201 (approaching Frisco from the west). The I-70 highway is in 
a canyon but sufficient area exists on each side of the highway for construction of an at-grade or elevated 
guideway. 


Photo 157: View West in the vicinity of MP 189 at Vail Pass. The Vail Pass crossing entails highway 
gradients of 7% on both sides of the mountain. 
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Photo 158: View East at MP 188 near Vail showing the 7% highway gradient on the west side of the pass. 


Photo 159: View East I the vicinity of MP 187 near Vail. 
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Photo 161: View West in the vicinity of MP 179 in Vail. The right-of-way on each side of the highway is 
constrained by adjacent urban development. 
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Photo 162: View West in the vicinity of MP 171.5. Showing some heavy cutting that was required for 
constructing the existing highway alignment in this location. Presumably some more cutting or a short 
tunnel would be needed if it should prove necessary to widen the alignment in this location. 


Photo 163: View East in the vicinity at I-70 MP 170. The UPRR right-of-way, shown on the left side of the 
photograph, could be considered for use from Minturn to Grand Junction. 
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Photo 164: View East at crossing of Route 131 near Wolcott with the UPRR (Tennessee Pass Line) in 
vicinity of I-70 MP 160. The UPRR right-of-way could be considered for use as the rail corridor from 
Minturn to Grand Junction. 


Photo 165: View West along the UPRR, Tennessee Pass Line, from the crossing with Route 131, a location 
approximately 2 miles East of Wolcott, near I-70 MP 160. This right-of-way provides sufficient area for a 
double track at-grade guideway. Rail is 115 Lb. bolted on timber ties with cinder ballast. 
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Photo 166: View of 115 lb. rail on the UPRR Tennessee Pass Line with timber ties on cinder ballast. 


Photo 167: View West from private crossing inGypsum. The right-of-way has sufficient space for 
additional track. Existing conditions include 115 |b. bolted rail (1951). There is light train traffic to 
American Gypsum plant. 
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Photo 169: View West of UPRR through Glenwood Canyon. Although there is an existing double track in 
the vicinity, here is sufficient right-of-way here to add a third track or siding track if needed. 
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Photo 170: View East in vicinity of I-70 MP 124. Right- of -way for both the railway and highway are 
constrained by canyon walls and the Colorado River. 


Photo 171: View West of UPRR through Glenwood Canyon. There is an approximate 7 2 miles of single 
track rail line through some of the most challenging portions of the canyon. Double tracking this portion 
if necessary will be challenging and would most likely involve extensive use of tunnels. 
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Photo 172: View East in vicinity of I-70 MP 120. The Colorado River constrains both the I-70 and UPRR 
alignments against canyon walls. 


Photo 173: View of the entrance to Glenwood Springs Amtrak Station. 
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Photo 174: View East along two tracks of UPRR. 


Photo 175: View West from Station. The wye track to the North is connection to the Aspen Branch. 
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Photo 176: View West to Glenwood Springs UPRR yard. 


Photo 177: View East in vicinity of MP 117. UPRR is on south side entering tunnel. 
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Photo 178: View West with Amtrak train at in the vicinity of MP 100 along I-70 (UPRR MP 378). 


Photo 179: View West at I-70 MP 83. Sufficient area exists along the highway right-of-way for 
construction of at-grade or elevated guideway. UPRR track on south side of highway. 
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Photo 180: View West at I-70 MP 61. Sufficient area exists along the highway right-of-way for 
construction of at-grade or elevated guideway. 


Photo 181: View West at MP 53. Right-of-way is constrained through canyon. 
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Photo 182: View of Grand Junction Amtrak Station with a BNSF trackage-rights freight train operating 
over the UPRR line. 


Photo 183: View East of BNSF Yard in Grand Junction. Sufficient area exists for additional tracks, which 
may be needed for access to Amtrak Station. 
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4.4.5 Secondary Route to Black Hawk/Central City/Gilpin County: Intersection of 
US 6/SH119 to Black Hawk 


Photo 184: View toward Black Hawk in vicinity of intersection of US 6/SH119. The right-of-way of SH 
119 poses several challenges for the construction of an at-grade or elevated guideway from US 6/SH 119 
to Black Hawk. These challenges include the constraints associated with the horizontal geometry (severe 
curves along the highway alignment), physical impediments such as the canyon walls on each side, and 
possible need for a tunnel or cutting to mitigate these constraints. 


Photo 185: View toward Black Hawk in the vicinity of MP 1 along SH 119. Widening of roadway in area, 
showing extensive cutting back of the mountain slope, is currently underway. 
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Photo 186: View toward Black Hawk in vicinity of SH 119, MP 2.5. 


Photo 187: View toward Black Hawk at MP 4. This location has sufficient area for the construction of an 
at-grade or elevated guideway. 
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Photo 188: View approaching Black Hawk at MP 6 on SH 119. Sufficient area exists for an at-grade or 
elevated guideway. 


Photo 189: View of Ameristar Casino, Black Hawk 
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4.4.6 Secondary Route: Central City to I-70 along the Central City Parkway 


. 


Photo 190: Downtown Central City 


Photo 191: View entering Central City Parkway from Central City. This area is constrained on each side 
of highway right-of-way making it difficult to construct a guideway. 
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Photo 192: View toward I-70 at MP 4. This area is a transition from a fill into a cut. The fill area and cut 
areas have constraints associated with available right-of- way on either side of the highway needed for 
the construction of a guideway. Further, the grade on the roadway is 8%, which is a challenge for the 
efficient operation of steel wheel technology in a mountainous area. 


Photo 193: View of the interchange of the Central City Parkway with I-70. Sufficient land exists at the 
interchange for the construction of an efficient connection onto I-70. 
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4.4.7 Secondary Route: Winter Park/Grand County: I-70 to Winter Park 


Photo 194: View North on US 40 near I-70 Exit 232. A rail guideway could leave the I-70 corridor and 
follow an alignment within or near the US 40 right-of-way to Winter Park. 


40 corridor providing a range of opportunities for construction a guideway. 
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Photo 196: View North in the vicinity of MP 253 on US 40. Canyon walls are becoming more of a 
constraint as the alignment moves north. 


Photo 197: View North in vicinity of MP 250 on US 40. Grade is increasing approaching Berthoud Pass 
and the topographical constraints become more challenging for the construction of a rail guideway 
within the US 40 corridor. 
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Photo 198: View South in the vicinity of MP 247.5. Topographical constraints are severe with heavy 
slopes and canyon walls on opposite sides of highway. This location is a switchback area. Following US- 
40 across the top of Berthoud Pass does not constitute a reasonable rail alignment due to excessively 
sharp curves and steep grades. More likely this section of the highway would have to be bypassed by a 
rail tunnel under Berthoud Pass. 


Photo 199: View South in vicinity of MP 247 on US 40. US 40 from Empire shown in the valley below. 
The change in elevation is severe. 
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Photo 200: View of US 40 in vicinity of MP 246. This switchback has a speed limit of 15 mph, which 
would not provide a suitable alignment for a rail system. 
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Photo 201: View of US 40 near peak. This location is constrained by steep slopes on either side of the 
roadway. 
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Photo 202: View of US 40 near the peak elevation of 11,315’ at Berthoud Pass. 
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Photo 203: View of US 40 in vicinity of MP 231 at Lakota approaching Winter Park. Sufficient area exists 
along US 40 at this location for a guideway. 
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4.4.8 Secondary Corridor: Arapahoe Basin/Keystone/Dillon/Frisco/Breckenridge: 
Breckenridge to Frisco in the State Highway 9 Corridor 


= 


Photo 204: View North on Main Street, Breckenridge to French Street 


Photo 205: View North at the intersection of Main Street and CR 450. This location is at the north edge of 
Breckenridge. 
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Photo 206: View North on State Highway 9 leaving Breckenridge. Sufficient space exists along SH-9 in 
this vicinity for the construction of either an at-grade or elevated guideway. 


Photo 207: View North along SH-9. This is a representative photograph of the conditions along SH-9 
until the approach to Frisco. Sufficient area exists for the construction of a guideway. 
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Photo 208: View North on SH-9 toward Frisco. The alignment is constrained by the Lake on the east and 
the rock outface on the west. 


Photo 209: View entering Frisco. 
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Photo 210: View of Mt. Royal Trail. Mt. Royal Trail is adjacent to the mountain west of Frisco. The 
location of an alignment through Frisco is difficult because of commercial and housing developments. 
The Mt. Royal Trail provides an alignment from I-70 to SH-9 and southerly to Breckenridge on a parallel 
alignment to SH-9. 


Photo 211: View North of bike trail (Summit Co Trail). This bike trail connects to the Mt. Royal trail 
providing an alignment through Frisco to SH-9. 
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4.4.9 Secondary Corridor: Cottonwood Pass/Aspen/Pitkin County: 
Glenwood Springs to Aspen 


Photo 212: View West from the Glenwood Springs Station. The track at the wye splits onto the Aspen 
Branch following the alignment to Aspen. 


Photo 213: View of Aspen Branch in Glenwood Springs south of “wye”. 
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Photo 214: View South on the southern edge of Glenwood Springs of Aspen Branch. At this location, the 
rail track ends and the beginning of a bike trail along the railroad right-of-way from Glenwood Springs to 
Aspen. The bike trail is the property of Roaring Fork Transportation Authority. An agreement or 
contract exists stipulating a turn back provision to rail. 
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Photo 215: View North at the same intersection showing the end of the rail. 
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Photo 216: View South of RFTA Rio Grande Rail at County Road 100. Conversion of bike trail to an at- 
grade guideway has minimal constraints. 


Photo 217: View South along SH 82 in the vicinity of MP 17 (Catherine’s Store). At this location and along 
a significant distance of SH 82 a wide corridor exists for possible green field use to construct an at-grade 
or elevated guideway. 
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Photo 218: View South on SH 82 near Basalt. At this location, the topographical constraints on each side 
of the highway would make construction of a guideway very difficult. 


Photo 219: View north on the Rio Grande bike trail within the limits of Aspen. Conversion of the bike 
trail to rail provides the opportunity to strategically locate the train station near or within the city limits 
of Aspen. 
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4.4.10 Secondary Corridor: Steamboat Springs/Routt County/Craig/Moffat County: 
Dotsero to Steamboat to Craig 


On August 5, 2008, a field inspection was undertaken to review the potential for a Greenfield route or use 
of the existing UPRR rail line. The findings are as follows: 


Photo 220: View North on SH 131 between Wolcott and State Bridge, a distance of approximately 15 
miles. 


Photo 221: View North on SH 131 shows moderate curve and grade issues. 
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Photo 222: View East toward Moffat tunnel showing the UPRR right-of-way at Bond where the Tunnel 
line and the Steamboat Springs line from Dotsero separate. 


Photo 223: View West toward Dotsero. A direct connection does not exist between the rail line from 
Dotsero and the Moffat Tunnel line. In order to ensure an efficient operation for a passenger rail system 
from Dotsero, the construction of a direct connection onto the Moffat line is needed. 
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Photo 224: View of the railroad to Steamboat Springs located above the open field. No direct connection 
from the rail line from Dotsero exists onto the line toward Steamboat Springs without a reverse move in 
the location shown in Photo 3-30. The connection would involve the need to construct an elevated 
structure from the rail line from Dotsero on a curve through this area onto the Steamboat line in the 
mountainous area shown beyond the open space. 


a 


r 


Photo 225: View of the mainline toward Dotsero from the same location of Photo 3-32. In order to 
accomplish the build of an elevated curved structure onto the Steamboat Springs line, it would be 
necessary to begin “ramping” the Dotsero rail line onto an approach structure to the proposed curved 
elevated section onto the existing Steamboat rail alignment. 
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Photo 226: View North on SH 131 in vicinity of MP 32. SH 131 and the railroad are on parallel 
alignments. Area is wide open with a relatively gentle terrain providing opportunities for expansion of 
the existing railroad or anew guideway. 


Photo 227: View South in the vicinity of CP 153 near Topanas. Right-of-way exists for additional capacity 
if needed for passenger rail service. 
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Photo 228: View North near Phippsburg near MP 168. Right-of-way provides room for additional 
capacity and efficient high speed rail operations on separate track. 


Photo 229: View North of Phippsburg yard near MP 168. Room exists for the inclusion of a high speed 
rail track on either side of the yard to ensure efficient HSR operations in area. 
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Photo 230: View South through Phippsburg. The 100 feet right-of-way provides opportunity for efficient 
HSR operations through Phippsburg. 


Photo 231: View North on SH 131. Location is north of Phippsburg with right-of-way available each side 
of highway permitting fairly tangent construction of a guideway. 
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Photo 232: View of stopped Southbound UPRR coal train in vicinity of MP 177 North of Phippsburg. 
Coal train has distributed power operating in signaled territory on continuous welded track. Right-of- 
way exists permitting the construction of a tangent guideway in this area. 


Photo 233: View North at Anglers Drive Crossing in Steamboat. Enough right-of-way exists for the 
construction of a double track guideway, if needed. 
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Photo 234: View West near US 40 MP 197. Right-of-way exists on either side of the existing track 
structure for the construction of an at-grade guideway. 


Photo 235: View West in Vicinity of UPRR MP 209.1 along US 40. The UPRR track runs west to east 
alongside US 40 from Steamboat Springs to Craig. Sufficient land exists on either side of the track for 
construction of an at-grade guideway. 
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Photo 236: View East at the crossing at Walnut Street in Hayden at UPRR MP 214.83. Right-of-way exists 
on the north side but constrained on the south side by silos. 


Photo 237: View along track in downtown Craig in vicinity of UPRR MP 232.5. Right-of-way exists 
through Craig for the construction of an at-grade guideway. 
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Photo 238: View East along the UPRR main-line in Craig at MP 232.01. Right-of-way exists for the 
construction of an at-grade guideway through Craig. 


| Aaa 


Photo 239: View of Craig Railroad Station 
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4.4.11 Alternative Alignment — Intersection of US 6 and SH 58 in Golden to Jefferson 
County Government Center to Intersection of I-70 at MP244 with US 6 


An alternative alignment to access the I-70 corridor from downtown Denver would follow the BNSF 
Golden Subdivision to the Ford Street area in Golden and continue to the intersection of US 6 and SH 58. 


—+4-- 


Photo 240: View North from SH 93 in the vicinity of the Jefferson County Government Center. The 
alignment from the intersection of US 6 and SH 58 to the Jefferson County Government Center is 
dependent of right-of-way along SH 93 onto the I-70 corridor. A field view indicates a combination of at- 
grade and elevated guideways would be required in this segment. 


Photo 241: View East at I-70 and C-470 interchange in the vicinity of MP 260. 
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Photo 242: View East approaching I-70 and C-470 Interchange just west of MP 260. 


Photo 243: View East at MP 259. The terrain in this vicinity, from entrance onto I-70, is difficult on each 
side of the roadway. 
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Photo 244: View East in vicinity of MP 247. Right-of-way exists for the construction of either at-grade or 
elevated guideway on each side of the roadway and in the median. 


Photo 245: View East in vicinity of MP 246. The terrain is challenging but these are opportunities on the 
north side of I-70. 
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4.4.12 Conclusions 


The I-70 Corridor and its Secondary Corridors present major engineering challenges in the development 
for any high speed alignment. However, while the gradients, canyons and Continental Divide of the 
Rockies present a major challenge, there are also challenges in finding access to downtown Denver from 
Denver International Airport. As a result, the engineering analyses will face particular difficulties with 
the following issues: 


e Downtown Denver Access 

e Access to Blackhawk and Central City 
e Clear Creek Canyon 

e Vail Pass 


e Glenwood Canyon 


Between these significant problem areas, development of high speed routes will be relatively straight 
forward if expensive - particularly in the Rockies. The geological and environmental conditions in the 
mountains make the development of any route problematic, particularly if a technology is limited to 3 or 
4 degree gradients. While Maglev routes will limit speed due to curvature, steel wheel options will be 
limited by both curvature and gradient. As a result, both Maglev and steel wheel options will need to 
make use of elevated and tunnel sections to provide a effective, competitive service. This will be very 
expensive and the key will be to minimize both elevated guideway and tunnel sections for each 
technology in developing the routes. 


For the secondary routes to Steamboat Springs and Aspen, as well as the main corridor beyond Dotsero, 


working in conjunction with the existing rail rights-of-way will be critical to providing rail service at 
reasonable capital costs. 
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Appendix A 
Detailed Rail Technology Data 


This appendix provides a comparison of fifteen existing European, Japanese and American train 
technologies, giving detailed performance data for each. None of these technologies could be considered 
suitable for use in Colorado off-the-shelf. Modifications to suit the FRA strength requirements and/or the 
Colorado environment would be necessary. Nonetheless this Appendix described the current rail 
technology base as it now exists, which can serve as the starting point for the development of a generic 
equipment specification for the Colorado train sets. 


A.1 Diesel Powered Technologies - Technical Data 


Two North American and three European rail technologies have been identified. All five technologies are 
powered by diesel engine(s). The North American technologies are not operating in high speed service at 
the present time, but have the potential capability to do so. For this reason, they have been included in 
this report. None of these technologies could be considered suitable for use in Colorado off-the-shelf. 
Modifications to suit the FRA strength requirements and/or the Colorado environment would be 
necessary. Refer to Exhibit A-1 to cross reference data symbols to technology descriptions. 


Exhibit A-1: Key for Vehicle Data Symbols 


DATA SYMBOL DESCRIPTION 


Cs 
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Cs 


A.1.1 North American Technologies 


Trainset of single or double deck cars, built by a number of car builders, with motive power provided by 
4-axle diesel locomotive(s) built by the Boise Locomotive Division of Wabtec, or 4-axle diesel 
locomotive(s) provided by General Electric. 


Boise Locomotives, In typical corridor use, the consist consists of one locomotive and four cars. 


TECHNICAL DATA FOR MODELS 


MP 36 PH-3C | MP 40-3C 


4,000* 
85,000 Ib. 85,000 Ib. 


800,000 Ib. 
5” 


* 16-645 engine 
** 16-710 engine 


General Electric Locomotives, In typical corridor use, consist consists of one locomotive and four cars. 


| PA 42 
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Diesel-hydraulic multiple unit trainset, in single or double deck configuration, built by 


Colorado Railcar 


TECHNICAL DATA FOR MODELS 


Single Level | Double Deck 


19° - 
194,000 Ib. 


48,500 Ib. 
800,000 Ib. 
5” 


A.1.2 European Technologies 


HST 125: British InterCity 125 High Speed Train, built by BREL, consisting of 7 cars, with a diesel 
engined power car at each end. 


TECHNICAL DATA: HST 125 


Buff Strength 440,000 Ib. 
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VT 605: German VT 605 diesel-electric multiple unit trainset, supplied by Siemens, consisting of four 
cars, with one truck of each car powered. 


TECHNICAL DATA: VT 605 


Horsepower 3,000 
Max TE 37,875 lb 


DM: 88’ — 7” , NDM: 82’ — 0” 


12” 


N 
(w. 


Total Length 


Talgo Train: Spanish Talgo Train, consisting of a rake of articulated single-split-axle cars, with a diesel 
powered car at each end. 


TECHNICAL DATA: TALGO T-21 (DIESEL) 


tons 
Max C/D 7” (with tilt) 
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A.2 Electrically Powered Technologies 


Three North American technologies derived from European practice, six European technologies and one 
Japanese technology have been identified. They are described below under sub-headings. 


A.2.1 North American Technologies 


Acela High Speed Train, operated by Amtrak. This train consists of six passenger cars with a power 
car at each end, supplied by Bombardier-Alstom. 


TECHNICAL DATA: ACELA HIGH SPEED TRAIN 


Consist PC + EFT + 2BT + CT + 2BT + EBT + PC 
Horsepower 2 x 6,000 = 12,000 
Max TE 2 x 25,000 = 50,000 Ib 


Length PC: 60’ - 7’, T: 87 - 5” 


Weight PC: 102 tons, EFT & EBT: 71 tons, CT: 68.5 tons, BT: 69.5 tons 


HHP Locomotive: Trainset of single or double deck cars with motive power provided by a HHP 4-axle 
locomotive built by Bombardier-Alstom. These trains are operated by MARC (Maryland Rail). 


TECHNICAL DATA: HHP LOCOMOTIVE 


Horsepower 8,000 
5” 


Weight 110 tons 


Buff Strength 800,000 Ib 


Max CI rr a 
Max Speed 125 mph 
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Trainset of double deck cars with motive power provided by ALP 46 4-axle locomotive(s) built by 
Bombardier. These trains are operated by New Jersey Transit. 


TECHNICAL DATA: ALP 46 LOCOMOTIVE 


ay 
NPF 
5” 


woo 


A.2.2 European Technologies 


British Pendolino trainset, based on Italian technology and supplied by Alstom, consisting of a nine- 
car electric multiple unit arrangement. These trains run on the West Coast Main Line in the United 
Kingdom. 


TECHNICAL DATA: BRITISH PENDOLINO 


Consist DT + 7NDM + DT 
Length DT: 75’ - 7” , NDM: 78’ - 5” 
F 
F 
F 


Weight 109,805 — 136,155 Ib 


9 
P 
P 
Axle Load P 
P 
P 


7, 
N 
N 
Buff Strength 440,000 Ib. 
N 
N 


Seats 


Max Speed 125 mph service, 140 mph design 


Max OD ee eee 
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British InterCity 225 High Speed Train, consisting of a rake of coaches with motive power provided 
by a Class 91 4-axle locomotive built by BREL and incorporating GEC equipment. These trains operate on 
the East Coast Main Line in the United Kingdom. 


TECHNICAL DATA: BRITISH INTERCITY 225 - CLASS 91 LOCOMOTIVE 


N 


F 
F 
F 
ig 


P. 


French TGV Duplex Train, supplied by Alstom, consisting of double deck articulated coaches, with a 
power car at each end. The trucks at each end of the articulated rake of coaches are motorized and 
supplied with power from the adjoining power car. 


TECHNICAL DATA: TGV DUPLEX 
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German IC3 trainset, supplied by Siemens, consisting of cars in electric multiple unit, the number of 


cars being adjustable to suit demand. 


Consist 
Horsepower 


Max TE 


Height 


Axle Load 
Buff Strength 
Seats 

Max Speed 
Total Weight 


Total Length 


TECHNICAL DATA: ICE TRAIN - CLASS 403 


DM + T+NDM +2T+NDM+T+DM 
10,724 
67,500 Ib. 


NPF 
NPF 
NPF 


FLIRT, supplied by Stadler, consisting of cars in electric multiple unit, the number of cars being 


adjustable to suit demand. 


Consist 
Horsepower 
Max TE 
Length 
Height 
Weight 


Axle Load 


Buff Strength 


Max C/D 
Seats 

Max Speed 
Total Weight 


Total Length 


TECHNICAL DATA: STADLER FLIRT (ELECTRIC) 


4” 


180 


100 mph 
244 ft. 
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Spanish Talgo Train, consisting of a rake of articulated single-split-axle cars, with a power car at each 
end. 


TECHNICAL DATA: TALGO T-21 (ELECTRIC) 


PC: 79.4 tons, T: 1-axle: 19 tons, T: 2-axle: 23 tons 


Swedish X-2000 trainset, consisting of a power car and six trailers, supplied by Adtranz. The end 
trailer has a driving position at its outer end. 


TECHNICAL DATA: X-2000 


NPF 
311 


co | 
En 


Max Speed 125 mph service, 130 mph design 
Total Weight 433.4 tons 
Total Length 541.3 ft. 
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A.2.3 Japanese Technology 


Shinkansen high speed electric multiple unit 16-car trainset, consisting of driving 
trailer end cars and 14 non-driving motor intermediate cars. 


TECHNICAL DATA: SHINKANSEN N700 
Consist DT + 14NDM + DT 


22,895 
105,000 Ib. 


Length DT: 89’-9” , NDM: 82’ - 0” 


Height 


Total Length 1,328 ft. 
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Appendix B 
Detailed Maglev Technology Data 


This section provides further detail on Maglev technologies’ performance capabilities. In particular, it 
compares the capabilities of: 


e The 300-mph Transrapid Maglev in Section B.1, which will be used for the high-speed Maglev 
evaluation in this study, as compared to 


e The 125-MPH Colorado Maglev in Section B.2. This system was described in the 2004 Colorado 
Maglev study as a derivative of the Japanese HSST Urban Maglev design, and will be used for 
the low-speed Maglev evaluation in this study. 


It should be noted that while both of these Maglev systems are in revenue service today, the proposed 
Colorado Maglev would require heavy modification to increase its speed and performance capabilities. In 
contrast, the Transrapid system is “ready to go” today and will be evaluated based upon the proven 
capabilities of existing technology. 


The Transrapid operating parameters in Section B.1 describe a Maglev system with a proven commercial 
top speed of 300-mph, and good acceleration and braking capabilities within this speed range. It has an 
acceleration rate of 2.95 ft/s2 or 0.092 g, which is within the generally accepted guideline that limits lateral 
acceleration to 0.1 g for passenger comfort (1 g is equal to the force of gravity.) It is clear that the 
Transrapid linear motor would actually be capable of accelerating the vehicle faster, but the rate of 
acceleration has been limited for passenger comfort. Exhibit 3-12 in the main report also shows that 
Transrapid has a good hill-climbing capability, with a “balancing speed” of 125-mph up a 7% gradient. 


The proposed Colorado Maglev is a derivative of the Japanese HSST urban maglev design. As compared 
to Transrapid, Colorado Maglev would place the linear motor on-board the vehicle (LIM) as opposed to 
in the guideway (LSM) as Transrapid does. Accordingly, the proposed Colorado Maglev vehicles would 
be more complicated than Transrapid, but the guideway would be simpler and presumably less 
expensive. 


A number of additional variants of maglev system design are also under development. The American 
Maglev prototype vehicle that operates on a test track in Georgia has a very similar system concept to 
HSST and might be expected to deliver similar performance. General Atomics is building an urban 
maglev system on a different principle that uses permanent magnets for levitation and an LSM motor for 
propulsion. In spite of differences in technical approach both American Maglev and General Atomics 
systems are primarily designed for low-speed operation in urban environments. Neither of these of these 
systems would be applicable to Colorado’s requirements without extensive modifications, as have been 
proposed in the 2004 study for the HSST vehicle, 
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Figure 62 on page 116 of the Colorado Maglev report (reproduced in Section B.2) compares the thrust 
versus drag curves for that vehicle as a function of gradient. This diagram shows a top vehicle speed of 
200-kph (125-mph) with a balancing speed of 100-mph up a 7% gradientl. Accordingly, the Colorado 
maglev vehicle performance does suffer a25-mph speed loss on a 7% grade. With a 0% grade at 125-mph, 
it can be seen that thrust is still substantially greater than drag. From a propulsion perspective, this 
implies that the vehicle could actually go faster than 125-mph. Some other factors such as levitation or 
guideway tolerance must be responsible for imposing the 125-mph speed limit on the vehicle. 


The Colorado Maglev study proposes to accelerate the vehicle at a rate of 0.16 g, which exceeds the 0.10 g 
threshold needed for passenger comfort. This high rate of acceleration shows the capabilities of the LIM 
propulsion, but it would be very uncomfortable for standing passengers and would probably require the 
use of seat belts. 


A direct comparison of the Colorado Maglev versus Transrapid shows a very robust performance 
capability for the proposed Colorado vehicle. Transrapid’s balancing speed up a 7% grade is only 25% 
faster than that of the Colorado vehicle. Within the lower ranges of speed where acceleration and 
deceleration are limited by passenger comfort, there will be essentially no difference in performance. 


For evaluation of the proposed Colorado and Transrapid maglevs in this study it is proposed that: 
e The Colorado Maglev will have an assumed top speed of 125-mph, Transrapid will have a top 
speed of 300-mph. 
e The maximum acceleration and deceleration rates will be capped for passenger comfort at 0.1 g, 
for both Transrapid and Colorado vehicles. 


e¢ Beyond about 100-mph beyond the rates of braking and acceleration for each vehicle type must 
decline based on the power limitations of their respective motors.2 In this high speed range the 
Transrapid vehicle will perform better. 


e The Colorado vehicle will be assumed to have 80% of the power of the Transrapid leading to a 
100-mph balancing speed on a 7% grade, whereas Transrapid has a 125-mph balancing speed. 


' The balancing speed is determined as the speed at which the thrust and drag lines cross. At this speed the maximum thrust exactly 
equals the drag of the vehicle, so the motor is unable to accelerate the vehicle any faster than this equilibrium speed. 

* The rates of acceleration and braking have to reduce above 100-mph because of limitations on electrical current in the Linear 
Motors. 
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B.1 Transrapid System Parameters 


Operating Parameters 


Design Speed 340 mph 
Operating Speeds: Operating Speeds: 
Rural areas 300 mph Rural areas 300 mph 
Urban areas 150 mph Urban areas 150 mph 

Acceleration Distance Time 
0- 60 mph 1,410 ft 31s 
0- 120 mph 5,627 ft 62s 
0- 180 mph 14,239 ft. 104s 
0- 240 mph 28,937 ft. 159s 
0- 300 mph 63,287 ft. 278 s 

Braking Performance 
0- 60 mph 1,473 ft. 58s 
0- 120 mph 4,974 ft. 85s 
0- 180 mph 12,077 ft. 115s 
0- 240 mph 22,063 ft. 146s 
0- 300 mph 34,366 ft. 176s 

Train Headway: 

Technical minimum 2 Vo minutes 

Operational minimum 5 minutes 

Comfort Parameters 

Acceleration < 2.95 ft/s® 

Braking < 2.46 ft/s? 

Jerk in x-direction < 1.64 ft/s** 

Guideway / Alignment Parameters 

Guideway "Gauge" 9.19 ft 

Standard Guideway Heights 4.4 ft - 65.6 ft 

Grade Climbing Ability 10% 


Superelevation (Cant) 12° (special cases 16°) 


Standard Beam: 

Overall lengths 203.4 ft 82 ft 20.3 ft 
Span Lengths 101.7 ft 41 ft 10.2 ft 
Double Track Dimensions: <311 mph <248 mph <186 mph 
Center-to-Center Distance 16.7 ft. 15.8 ft. 14.4 ft 
Clearance Envelope Width 37.4 ft. 35.1 ft. 33.1 ft 

Foundation Area (Double Track): 
Elevated 344.5 ft /ft 
At-grade 38.7 ft/ft 
Minimum Lateral Acceleration 4.9 ft/s® 


Source: Baltimore-Washington Maglev Study, June 2000 


* During transition from one motor section to the next:: < 0.2 m/s3 
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B.2 Proposed Colorado Maglev System Parameters 


Operating Performance 


Vehicle mass, loaded 96,800 Ib 

Vehicle length, width, and height 79.7 ft., 10.5 ft., 11.5 ft 

Number of LIMs per car 10 

Number of cars per train 2 

Speed range 0 to 100 mph (125 mph) 

Averaged speed 71 mph 

Climb grade a to 10%, Report claims “no-degradation at 7%” [ee discussion above); 
aximum Gradient (Short-time rating of LIMs) 18% (per page 134) 

Acceleration rate 0.16 g's ( $5.12 ft/s?’ 


Source: Colorado Maglev Project, Part 3: Comprehensive Technical Memorandum, 2004, pg 113 


Colorado Maglev Thrust vs. Drag Curve 


_ — — — 16g acceleration 
2 0% grade 


Required thrust for 
-16 g acceleration at 0% grade 
0 accel at 160 kph on 7% 


grade 
10% 
Zz 
st 
4 7% 
£ 
& 
0% 1 


0 20 40 60 80 100 120 140 160 180 200 
Vehicle speed (kph) 


Source: Colorado Maglev Project, Part 3: Comprehensive Technical Memorandum, 2004, Figure 62, page 115 
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Appendix C 


Calculation of Train Balancing Speed 
on Grade 


Given the unusual characteristics associated with the I-70 corridor as a rail right-of-way, the following 
provides an analysis of the responsiveness of different forms of steel wheel systems in terms of hill- 
climbing capability. A critical factor is balancing speed on a grade, which is the speed at which the 
tractive effort exerted by the motive power equals the sum of the gravitational effect of the grade plus the 
rolling resistance of the train. The balancing speed is the maximum sustainable speed by a particular train 
type over a continuous long gradient. This speed in turn impacts the commercial viability of the service. 


Gradients will have marked impact on speed, depending on motive power system and the type of 
interface with the rail/guideway. For the steel wheel technologies, grade is a concern from both the steel 
wheel, steel rail interface, as well as from the power that that can be applied. For Maglev with its 
frictionless interface with the guideway, it is simply a matter of power. 


For evaluation purposes train technologies have been divided into three groups: 
e Diesel steel wheel, steel rail technology 
e Electric steel wheel, steel rail technology 
e Maglev (electric) technology 


Since the range of potential gradients to be faced on I-70 are in the range of 3-7 percent, the impact of 
gradient on speed has been calculated for the purposes of the following analysis at 4 percent. 


C.1. Steel Wheel Technology 


The ability for a steel wheel train to ascend a particular grade is a direct derivation of the potential 
acceleration rate that a train can achieve on a level track. In order to maintain speed on a grade, the train 
must exert sufficient extra tractive effort to balance the extra gravitational force due to the grade, plus the 
rolling resistance of the train. This gravitational force is equal to the weight of the train multiplied by the 
percentage grade. When the propulsion system of the train produces more tractive effort than is required 
to counter-balance the gravitational force due to the grade, plus the additional rolling resistance of the 
train, then the train will accelerate up the grade. Typically, the acceleration rate of a train decreases as the 
train speed increases. As a result, a point will be reached at which the tractive effort equals the 
gravitational force due to the grade, plus the rolling resistance of the train. This point is known as the 
“balancing speed”, after which the train speed remains constant. Considering the case of a train on a 4% 
grade, the balancing speed on the grade is equal to that speed where the train achieves an equivalent 
acceleration rate on level track, i.e. 0.04 x 32.2 = 1.29 ft/sec. or 0.88 mph/sec. 
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C.1.1 Diesel Technology 


A typical North American passenger train (Boise Locomotive or GE Locomotive hauled conventional rail 
passenger trains, in which two 3,000 hp locomotives haul four or five cars), can be expected to ascend a 
four percent grade at only 30-35 mph. 


Upgrading to British HST 125 mph train or the Spanish Talgo T-21 high speed train only allows a 
balancing speed of 35-40 mph. 


Clearly the use of diesel technology on such gradients prevents any auto competitive speeds from being 
attained. 


C.1.2 Electric Powered Technology 


Electric traction is very powerful in dealing with grade. The high power-to-weight ratio of modern high 
speed electric passenger trains means that while they cannot attain full high speed (ie., 150 mph-220 
mph) they can achieve auto competitive speeds. 


The Acela high speed train running in the Northeast corridor has the ability to ascend a 4 percent grade at 
75-80 mph, well above any speed offered by fossil fuel powered trains. The five European electric 
technologies: French TGV, German IC3, British Intercity 125, British Pendolino, and Spanish Talgo train 
are only capable of similar speeds of 70-80 mph. 


C.2 Maglev 


The magnetic levitation or maglev is a very modern and sophisticated transportation system. Under 
development since the 1970’s, the German Transrapid technology represents the only high speed maglev 
approved for public use. With a cruising speed of 250-300 mph, it is significantly faster than even the 
most advanced steel wheel systems. 


The maglev technology used by the Germans is an electro magnetic power pack to lift, guide and propel 
the vehicle. The vehicle levitates at a constant distance of 12mm from the guideway. Both the vehicle and 
the guideway are magnetized to provide propulsion and braking. The maglev system, because it has such 
high speed, is very susceptible to curves and requires 14,570 ft. radius at full speed, which is a very gentle 
curve that would for all practical purposes be impossible to attain in Colorado. In tight curvature, the 
maglev will operate much more slowly but can use superelevation of up to 12 degrees to improve its 
performance. An important characteristic of the maglev system is its ability to climb gradients, and it can 
maintain speed on vertical gradients of 8 to 10 percent. This means it can climb gradients equivalent to 
those on the I-70 corridor. 


The calculation of balancing speed for maglev is more complicated than that for rail equipment, since it 
must take the drag resistance from magnetic flux into account. Since the hill-climbing capability of 
maglev has not been called into question but only that of rail equipment, the next section will focus on 
the calculation of balancing speed and adhesion capabilities of rail equipment only. 


TEMS, Inc. / Quandel Consultants, LLC October 7, 2008 C-2 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


C.3 Calculation of Balancing Speed for Rail Equipment 


The balancing speed for rail equipment is calculated in a three-step procedure. First, the approximate 
balancing speed is calculated assuming no rolling resistance. Second, the rolling resistance is calculated 
using the rolling resistance factor corresponding to the speed just calculated. Third, the balancing speed 
is re-calculated with the rolling resistance added to the downward gravitational effect of the grade. If the 
re-calculated balancing speed is significantly lower than the speed first calculated, a revised rolling 
resistance factor corresponding to the re-calculated balancing speed must be used to determine a revised 


rolling resistance. The balancing speed is then calculated once more using the revised rolling resistance 
until convergence of the algorithm. 


Typical calculations are given in the following two sections of the balancing speed on a 4% grade for the 


German VT 605 diesel electric multiple unit trainset and for the electrically powered American Acela 
High Speed Train. 


C.4 German VT 605 (also called ICE-TD) 


According to data provided by Siemens, the manufacturer, the features of the train are: 


Weight: 237.6 tons (US) 
Seats: 196 (+ 4 crew) 
Speed: 125 mph 
Power: 3,000 hp (performance data on-hand, 2,000 hp at rail) 
Total train weight = 237.6 + 200 passengers & crew @ 160 lb each /2,000 tons 
= 253.6 tons 
4% grav. eff. = 253.6 x 0.04 tons 
= 10.144 tons 
= 20,288 lb. 
= 90,484 N 
From performance data, approx. balancing speed for above force = 63.5 km/h (39.7 mph) 


Rolling resistance factor from Davis graph for multiple unit train = 7.5 Ib/ton 
So rolling resistance = 253.6 x 7.5 lb 


= 1,902 Ib 
= 8,483 N 
Total 4% grav. eff. + roll. res. = 90,484 + 8,483 N 
= 98,967 N 
From performance data, balancing speed for above force = 57.0 km/h 


= 35.6 mph 


All axles powered requires 22,190 Ibs / 507,200 Ibs = 4% adhesion OK. 


7% grav. eff. = 253.6 x 0.07 tons 
= 17.752 tons 
= 35,504 Ib. 
= 158,347 N 
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From performance data, approx. balancing speed for above force = 35.6 km/h (22.3 mph) 


Rolling resistance factor from Davis graph for multiple unit train = 7.5 Ib/ton 
So rolling resistance = 253.6 x 7.5 lb 

= 1,902 Ib 

= 8,483 N 
Total 7% grav. eff. + roll. res. = 158,347 + 8,483 N 

= 166,830 N 
From performance data, balancing speed for above force = 33.8 km/h 
= 21.1 mph 


All axles powered requires 37,406 Ibs / 507,200 Ibs = 7% adhesion OK. 
C.5 American Acela High Speed Train 


According to data provided by Bombardier, the manufacturer, the features of the train are: 


Weight: 624 tons (US) 
Seats: 304 (+ 6 crew) 
Speed: 150 mph 
Power: 12,000 hp (assumed at rail for calculation, continuous rating) 
Total train weight = 624 + 310 passengers & crew @ 160 lb each /2,000 tons 
= 648.8 tons 

4% grav. eff. = 648.8 x 0.04 tons 

= 25.95 tons 

= 51,904 Ib 
The formula connecting power P, speed V and tractive effort TE is TE =375 x P/V 
Re-arranging the formula, V = 375 x P / TE. 
Substituting in the formula for TE = 51,904 and P = 12,000 
Approx. balancing speed V = 375 x 12,000 / 51,904 mph 

= 86.7 mph 


Rolling resistance factor from Davis graph for train = 10 lb/ton 
So rolling resistance = 648.8 x 10 lb 
= 6,488 lb 
Total 4% grav. eff. + roll. res. = 51,904 + 6,488 Ib 
= 58,392 Ib 
Substituting in the formula for above force, balancing speed = 375 x 12,000 / 58,392 mph 
= 77.1 mph 


According to http://www.trainweb.org/tgvpages/acela.html starting Tractive Effort = 50,000 Ibs 
Weight of power cars is 104,000 each so this assumes 12% adhesion. 


58,392 lb/ (204,000 * 2) = 14% adhesion which is right at the upper limit on a 4% grade. 
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7% grav. eff. = 648.8 x 0.07 tons 

= 41.42 tons 

= 90,832 Ib 
The formula connecting power P, speed V and tractive effort TE is TE =375 x P/V 
Re-arranging the formula, V =375 x P / TE. 
Substituting in the formula for TE = 90,832 and P = 12,000 
Approx. balancing speed V = 375 x 12,000 / 90,832 mph 

= 49.5 mph 


Rolling resistance factor from Davis graph for train = 10 lb/ton 
So rolling resistance = 648.8 x 10 lb 
= 6,488 lb 
Total 4% grav. eff. + roll. res. = 90,832 + 6,488 Ib 
= 97,320 Ib 
Substituting in the formula for above force, balancing speed = 375 x 12,000 / 97,320 mph 
= 46.2 mph 


However the Tractive Effort requirement: 


97,320 lb/ (204,000 * 2) = 24% adhesion which is at the upper limit that has been demonstrated for AC 
traction freight locomotives. It has never been demonstrated for high speed passenger locomotives and 
probably exceeds the practical adhesion capabilities of the train. 


If we assume that we put power truck under the leading and trailing coach (non-articulated) these cars 
weigh 139,000 lbs each. The result would then be: 


97,320 Ib/ (204,000 * 2 + 139,000) = 18% adhesion which is still exceeding the 15% guideline, and also it is 
hoped that the cars for a new Tier-II compliant train would not be as heavy as the existing Acela coaches. 
So this still does not sufficiently solve the adhesion problem. This train probably could not make the 7% 


grade. 
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Appendix D 


Review of Ongoing Studies 


The study team was commissioned by the Rocky Mountain Rail Authority to conduct a fresh, objective 
assessment of the feasibility of implementing high speed rail service (Rail Feasibility Study — RFS) 
generally within the I-25 and I-70 west corridor and to identify the next steps that should be pursued by 
RMRA and partner agencies in the implementation of that service. RMRA desired to have the assessment 
completed by building on previous efforts, coordinating closely with other on-going relevant studies, 
surveying stakeholders within the two corridors, and identifying the most effective high speed rail 
options for each corridor. 


In order to conduct an engineering assessment, field inspections were conducted and pertinent studies 
were reviewed. Engineering data developed from the inspections and the review of previous studies will 
assist in the continued engineering evaluation needed to determine reasonable alternatives. 


As noted above, relevant current and completed studies were reviewed to assist in the evaluation of 
alternatives. The review process included the following: 


1. I-70 Programmatic Environmental Impact Statement & Collaborative Effort 


The I-70 Mountain Corridor Programmatic Environmental Impact Statement (PEIS) addresses 
travel demand of the Corridor between Glenwood Springs and C-470, from approximately 
mileposts 116 to 260, and traverses five counties in Colorado: Garfield, Eagle, Summit, Clear 
Creek, and Jefferson. This PEIS includes an examination of the purpose and need, alternatives 
under consideration, affected environment, environmental consequences, cumulative impacts, 
and mitigation measures for proposed alternatives. 


Following release of the draft PEIS, the I-70 Coalition, a 27-member group representing varied 
interests of the corridor, was formed to continue the investigation of alternative solutions and to 
recommend a preferred alternative for I-70 improvements. The process conducted by the I-70 
Coalition was termed the Collaborative Effort. During the CE, the Coalition was charged with 
reaching consensus on a recommended transportation solution for the I-70 Mountain Corridor. 
The Colorado Department of Transportation and the Federal Highway Administration were 
active participants in this group and committed to adopt the consensus recommendation in the I- 
70 PEIS. 


The RFS study team participated in one meeting and several discussions with Sato Associates, the 
prime consultant for the PEIS. The study team also discussed the study with CDOT 


3 Abstract, I-70 Mountain Corridor Draft Programmatic Environmental Impact Statement, Section 4(f) Evaluation, December 2004. 
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representatives. Sato and CDOT have provided numerous documents to the study team to use in 
our engineering assessment. 


The “Consensus Recommendation” of the Collaborative Effort was provided to the study team. 
The recommendation is a multi-modal solution including non-infrastructure components, a 
commitment to evaluation and implementation of an Advanced Guideway System (AGS), and 
highway improvements. As noted in the recommendation, AGS is a central part of the 
recommendation and includes a commitment to the evaluation and implementation of AGS 
within the corridor. The feasibility of high speed rail service, potential station locations, 
alignment, and technology were cited within the recommendation as additional information that 
is necessary to advance implementation of an AGS system. 


The study team will continue to gather information from the PEIS and the Collaborative Effort as 
the feasibility study advances to conclusion. 


2. Colorado Railroad Relocation and Implementation Study 


The purpose of the Railroad Relocation for Colorado Communities (R2C2) project is to 
investigate the feasibility of moving the majority of through-freight freight rail traffic away from 
the Denver to Pueblo Front Range Corridor to the Eastern Plains of Colorado. The study team 
has attended several meetings at the invitation of CDOT. We have been provided engineering 
data needed to advance the feasibility study. The study team will continue to closely coordinate 
our railroad information requests for information through CDOT. 


3. RTD’s Various Environmental Studies 


Various Environmental Impact Studies have been undertaken or are currently underway by RTD 
for the FasTrack projects. FasTrack is RTD’s 12-year comprehensive plan to build and operate 
modern transit system in the Denver metropolitan area. The study team has reviewed the 
pertinent sections of the various EIS reports. The study team also met with the engineering staff 
of RTD to ensure that any alternative alignments considered as part of the feasibility study is 
coordinated and free of impacts with the FasTrack’s transit network. 


4. Wyoming DOT Rail Feasibility Study 


The study team has been in contact with TranSystems, the prime consultant for the Wyoming 
project. The Wyoming Study is evaluating the potential of passenger rail service between Casper, 
Cheyenne, and Ft. Collins using the BNSF route. The study team will continue to ensure that the 
two projects are coordinated. 


5. Gaming EIS, from Metro Denver to Black Hawk and Central City 


The study team had a very brief discussion with CDOT concerning the engineering 
considerations associated with this project. The Gaming EIS includes consideration of Black 
Hawk tunnels, which could have impact on the evaluation process. 


TEMS, Inc. / Quandel Consultants, LLC October 7, 2008 D-2 


Rocky Mountain Rail Authority 
High Speed Rail Feasibility Study 
Existing Conditions Report 


6. CDPT Colorado Maglev Study 


The stated objective of the Urban Maglev Technology Development Program is to develop 
magnetic levitation technology that is a cost effective, reliable, and environmentally sound transit 
option for urban mass transportation in the United States. The Colorado Maglev Project (CMP) 
assessed maglev technology as a method to increase the capacity of the I-70 Corridor. The study 
was carried out for the U.S. Department of Transportation, Federal Transit Administration, Office 
of Technology. 


The CMP study considered both linear induction motor (LIM) technology, represented by the 
Japanese HSST system developed by HSST Corporation (and predecessors) and linear 
synchronous motor (LSM) technology, represented by the German TransRapid system developed 
by Siemens and Thyssen-Krupp. The LIM technology employs primary coils on the vehicle, 
while the LSM technology installs coils on the guideway. As a result, the LSM technology is 
expected to enable greater speeds, but at a significantly greater cost. Shortly after this report was 
published, a 9 km CHSST system started commercial operation in Nagoya, Japan. In addition, a 
30 km TransRapid system was commissioned in Shanghai, China. 


The team selected the Japanese technology with modifications to the vehicle power to meet the 
speed, grade climbing and capacity requirements of the planned service in the I-70 corridor. 
Performance parameters cited in the report include peak speeds of 160 km per hr (100 mph) with 
the capability to climb grades of 7% without performance degradation and absolute grade 
capability of 18%. The proposed system is entirely grade separated; employing pre-stressed 
concrete, steel box beam or steel truss guideway elements. In addition, the system will be 
automated, without requiring operators on board the vehicles. The vehicles are expected to carry 
200 passengers at a peak speed of 160 kph (100 mph) and operate in pairs. 


The CMP study defined a 155 mile conceptual route from Denver International Airport to Eagle 
County Airport, generally in the I-70 median. From DIA, the alignment follows Pena Blvd. to I- 
470 to 96% Ave to I-76 to I-25 to I-70 to Golden. From Golden to the west, the alignment is 
constructed in the I-70 highway median on elevated structure with departures to reach stations 
and a new tunnel bore through the continental divide. A high grade route (12-18%) was 
developed to reduce the tunnel construction length and cost, resulting in a $200 million capital 
cost saving (p 236 of Part 2). 


Stations are provided at the following locations: 
e Denver International Airport MP 0 
e Rolla (96 Ave and I-76) MP 16.6 
e Downtown Denver (i-70 and I-25) MP 25.0 
e Golden (I-70 and US 40) MP 37.0 
e Evergreen MP 47.4 
e Idaho Springs MP 59.0 
e Georgetown MP 70.7 
e Loveland Pass MP 82.4 
e Silverthorne MP 91.9 
e Frisco MP 97.9 
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e Copper Mountain MP 103.3 

e =Vail MP 122.5 

e Avon MP 131.9 

e Eagle County Airport MP 156.3 


It does not appear that conceptual plan drawings were produced to verify the feasibility of 
constructing the guideway without displacing the existing transportation infrastructure. 


The CMP study reports capital costs: 
e Construction Cost $4.674 billion 
e 25% Contingency $1.168 billion 
e Total $5.842 billion ($38 million per mile, excluding engineering, construction 
management, environmental, right-of-way) 


It should also be noted that the report determines that there is insufficient power 
generation/distribution in the corridor to support the system. However, the cost of these facilities 
is not addressed. 


Also, the capital cost estimate does not identify costs for the two maintenance facilities cited in 
the operating plan. 


Simulations were performed to identify a total fleet size of 65 vehicles operating in pairs at peak 
120 second headways and traversing the route from end to end in 2hrs 9 min, making all stops 
with 1 minute dwells at an average speed of 114 kph (71mph) (p 151 of Part 2). 


The study did not address revenues. However, an operating plan suitable for serving 40,000 trips 
per day with 6,000 peak hour per direction was derived. 


The study identifies an annual operating cost (including 10% contingency) of $46.3 million. 
Major components of the operating cost include labor $13.4 Million and electric power (at $0.07 
per kwh) $13.5 million. Operating cost elements, such as administration, insurance, fare 
collection, cleaning and snow removal are not included (p 150 of Part 2). 


7. I-25 North Environmental Impact Statement 


The North I-25 EIS project purpose is defined as meeting the long-term travel needs between the 
Denver metropolitan area and the rapidly growing population centers along the I-25 corridor 
north to the Fort Collins-Wellington area. The need for action identifies concerns about highway 
safety, mobility and accessibility, aging highway infrastructure, the lack of alternative 
interregional travel modes and the need to address economic growth demands.* 


4 North I-25 Draft Alternatives Development and Screening Report, Colorado Department of Transportation, Felsburg, Holt, & 
Ullevig, February 25, 2008. 
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Alternatives included in this study are commuter rail service to Longmont, Loveland, and Fort 
Collins and commuter bus service to Greeley. The study team will coordinate with this project as 
the RFS evaluation tasks advance. 


8. Intermountain Connection Study, Phase 1 and 2 


In September 1998, the Eagle Board of County Commissioners and the Eagle County Regional 
Transportation Authority published a vision statement that stated that in partnership with 
CDOT, the Board and the Authority, proposed “to enhance the existing Union Pacific Railroad 
corridor for clean-burning diesel light rail and trails to run alongside each other. When complete, 
rails and trails will link the region from Gypsum to Vail, and south to Leadville. Three new 
intermodal centers will connect air, commercial van, bus, rail, auto, and bicycle traffic. Stations 
and park and ride facilities in or near each community will provide easy access for commuters 
and tourists.”° 


As the study team proceeds to develop alternative alignments, Phase 1 and II will be analyzed in 
detail. 


5 The Vision, Eagle Board of County Commissioners and Eagle County Regional Transportation Authority, Eagle County, Colorado, 
September 1998. 
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Appendix E 


Estimation of Weight Penalty for Conformance 
to FRA Tier | and II Safety Rules 


E.1 Introduction 


It has been claimed by others that adapting existing European high-speed train technologies to satisfy the 
Safety Rules of the Federal Railroad Administration for rail passenger vehicles to be operated in the USA 
would result in a significant and uneconomic weight penalty. A methodology was required for the 
estimation of this weight penalty so that performance calculations can be undertaken of European high- 
speed train technologies that have been modified to suit the FRA Safety Rules. 


The particular FRA Safety Rules that are involved concern the longitudinal compression strength and 
crash energy absorption for passenger rail vehicles. These Rules are divided into two classifications as 
follows: 


e Tier I for trains operating at speeds up to and including 125 mph. 


e Tier II for trains operating at speeds greater than 125 mph and up to 150 mph. 


The Safety Rules for Tier I trains specify longitudinal compression strength of 800,000 Ib. The value used 
in Europe for longitudinal compression strength is 440,000 lb. This value is not used in Europe in every 
case in practice. 


The Safety Rules for Tier II trains also specify longitudinal compression strength of 800,000 lb., except for 
the first vehicle, which is required to have compression strength of 2,100,000 Ib. Tier II trains must be 
designed to incorporate a crash energy management system. Passengers must not be carried in the first 
vehicle of a Tier II train. 


A methodology was required to determine a realistic value for the weight penalty as described above. In 


this Report, such a methodology is described and calculations of this weight penalty are made for two 
typical example pairs. 
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E.2 Methodology 


The estimation of the weight penalty is achieved by comparing the weights of modern European electric 
locomotives that have been designed to European Standards with the weights of equivalent American 
electric locomotives that have been designed to meet the FRA Safety Rules. For this comparison, the 
locomotives should be of a similar general configuration and of approximately equal horsepower rating. 
It is preferable that the locomotives to be compared were provided by the same manufacturer. 


There is a problem with the simplistic approach described above in that it is unlikely that the European 
and American electric locomotives that are to be compared will have identical horsepower ratings. 
Therefore, the weights of these locomotives should not be compared directly, unless adjustments can be 
made to the weights in order to allow for the difference in horsepower ratings. Fortunately, there exist 
two electric locomotive types that are identical mechanically, but have different horsepower ratings and 
weights. The difference in horsepower ratings and corresponding difference in weights allows an 
estimation to be made of the variation in weight on a per horsepower basis. In this way, a 
horsepower/weight adjustment factor can be developed that permits adjustment of the weight of the 
locomotives as necessary so that the comparison between the European and American locomotives can be 
made with reasonable accuracy. 


E.3 Calculation of Horsepower/Weight Adjustment Factor 


Some of the Class 86 electric locomotives of the former British Railways were upgraded with new 
electrical equipment to a 5,000 horsepower rating from their original 3,600 horsepower rating. This 
upgrading resulted in an increase in weight to 86.8 metric tons from 83.6 metric tons. Assuming all other 
items were unchanged, the increase in horsepower of 1,400 horsepower resulted in an increase in weight 
of 3.2 metric tons, or 7,040 Ib. 


The horsepower/weight adjustment factor = 7,040/1,400 
= 5.0 lb/hp 


The above factor is to be used to adjust the weights of otherwise similar locomotives to allow for the 
difference in horsepower ratings in order to obtain directly comparable values for locomotive weight. 


E.4 Comparison of American Tier I Electric Locomotive with Equivalent European 
Electric Locomotive 
Both of the locomotives to be compared were designed and manufactured by Bombardier, or predecessor 


companies, and are suitable for operation at up to 125 mph. 


The American locomotive is the Class ALP 46 that is operated by New Jersey Transit. This locomotive 
has a weight of 99.2 tons and a horsepower rating of 7,100 hp. The design of the ALP 46 was based on the 
Class DB 101 locomotive operating in Germany. 


The comparable European locomotive is the Class DB 101, which has a weight of 95.7 tons and a 
horsepower rating of 8,600 hp, i.e., 1,500 hp greater than the Class ALP 46. 
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Applying the horsepower /weight adjustment factor of 5.0 lb./hp, as developed in Section 3, to the 
horsepower rating of the Class DB 101, the reduction in weight corresponding with the 1,500 hp decrease 
in horsepower = 1,500 x 5.0 Ib. 

= 7,500 Ib 


Thus the directly comparable adjusted weight for the DB 101 = 95.7 — 3.8 tons 
= 91.9 tons 


The difference in weight between the weight of the Class ALP 46 and the adjusted weight of the Class DB 
101 = 99.2 — 91.9 tons 
=7.3 tons 


Therefore, the percentage increase in weight of the Class ALP 46 compared with the adjusted weight of 
the Class DB 101 = 7.3 / 91.9 x 100 
=7.9 % 


On the basis of the above calculations, it may be concluded that the weight penalty resulting from the 
application of Tier I Safety Rules to European locomotives is in the order of 8 %. 


E.5 Comparison of American Tier II Electric Locomotive and Equivalent European 
Electric Locomotive 


The locomotives for this comparison are of almost identical horsepower rating. Both locomotives are 
fitted with Alstom electrical equipment. The locomotives are of the same general configuration and are of 
nearly equal length. 


The American locomotive is the Acela power car of Amtrak. This locomotive has a weight of 100 tons 
and a horsepower rating of 6,000 hp. It was designed for operation at up to 150 mph. 


The European locomotive for comparison is the Class 91, which is operating in the United Kingdom on 
the East Coast Main Line. This locomotive has a weight of 92.2 tons and a horsepower rating of 6,300 hp. 
It was designed for operation at up to 140 mph. 


Applying the horsepower/weight adjustment factor, developed in Section 3, to the horsepower rating of 
the Class 91, the reduction in weight for the 300 hp decrease in horsepower = 300 x 5.0 Ib. 
= 1,500 Ib 


Thus the directly comparable adjusted weight for the Class 91 = 92.2 — 0.8 tons 
= 91.4 tons 


The difference in weight between the weight of the Acela power car and the adjusted weight of the Class 


91 = 100.0 — 91.4 tons 
= 8.6 tons 
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Therefore, the percentage increase in weight of the Acela power car compared with the adjusted weight 
of the Class 91 = 8.6/91.4 x 100 
=94% 


On the basis of the above calculation, it may be concluded that the weight penalty resulting from the 
application of Tier II Safety Rules to European locomotives is in the order of 9 to 10 %. 


The weight penalty calculated for the Tier II comparison is 1.5 % greater than that for the Tier I 
comparison. The difference between the two comparisons is likely to be due to the different compression 
strengths required by the Safety Rules, namely 2,100,000 lb. for the Tier II case and 800,000 lb for the Tier 
IL. 


E.6 Comparison of American Tier I Electric Multiple Unit Train and Equivalent 
European Train 


The trains for this comparison are not as closely related as the pairs of locomotives used for the two 
locomotive comparisons described in Sections 4 and 5 above. Nevertheless, the results of this comparison 
give a value for the weight penalty for this type of powered rail vehicle that corresponds well with the 
values produced by the two locomotive comparisons. For this reason, it may be concluded that this 
comparison is useful, even though it is not as precise as the two locomotive cases. 


The American electric multiple unit (emu) train is the M 7 trainset that was built for operation on the 
Metro North and Long Island Railroads. An 8-car M 7 trainset has a weight of 507.2 tons, a length of 680 
ft. and a horsepower rating of 8480 hp. It was designed for operation at 100 mph. 


The European train for comparison is the German ICE-3 8-car emu trainset, which has a weight of 451 
tons, a length of 656 ft. and a horsepower rating of 10,724 hp. It was designed for operation at 186 mph. 


In order to obtain directly comparable figures for the M 7 trainset, the weight must be adjusted in 
proportion to the differences in length and horsepower rating, compared with the ICE-3 trainset. 


The weight of the M 7 trainset is adjusted in proportion to the difference in length. 


Adjusted weight of M 7 trainset = 507.2 X (656 / 680) 
= 489.3 tons 


The weight of the M 7 trainset is adjusted by the addition of an allowance for the difference in 
horsepower rating, using the 5 lb. per hp factor described in Section 3. 


Adjustment for horsepower difference = 5 X (10,724 — 8, 480) 
= 5.6 tons 
Total adjusted weight of M 7 trainset = 489.3 + 5.6 
= 495 tons 
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Adjusted weight of M 7 trainset compared with ICE-3 trainset = 495 — 451 
= 44 tons 


Therefore weight penalty for M 7 trainset = (44 / 451) X 100 
=9.8 % 


On the basis of the above calculation, it may be concluded that the weight penalty resulting from the 
application of the Tier I Safety Rules to European emu trainsets is in the order of 10 %. 


E.7 Comparison of American Tier I Passenger Cars and Equivalent European 
Passenger Cars 

Passenger cars are divided into two categories, namely passenger cars in high speed service and 
passenger cars in general service. Two pairs of railcars are to be used for comparison, corresponding 
with these two categories. The passenger cars in each comparison are of similar dimensions and were 
designed for similar duties. Therefore, the comparisons are realistic in terms of determining the weight 
penalty. 


E.7.1 Passenger Cars in High Speed Service 


The American passenger car is the Amfleet car of Amtrak, which has a weight range of 55 to 58 tons, 
depending on the configuration, and a length of 85 ft. 


The European passenger car for comparison is the ICE-1 trailer, which has a weight range of 114,195 to 
122,980 lb., depending on the configuration, and a length of 86.6 ft. 


In order to obtain directly comparable figures, the weights for the ICE-1 trailer must be adjusted in 
proportion to the difference in length, compared with the Amfleet car. 


Adjusted weights of ICE-1 trailer = (114,195 to 122,980) X (85 / 86.6) 
= 112,085 to 120,707 lb. 
= 56.0 to 60.4 tons 


Since there is a range of weights for each car type, the average for each type is to be used for comparison. 


Average weight of Amfleet car = (55 - 58) / 2 
= 56.5 tons 


Average weight of ICE-1 trailer = (56.0 + 60.4) /2 
= 58.2 tons 


There is no weight penalty resulting from this comparison because the adjusted weight of the ICE-1 
trailer is 1.7 tons greater than the weight of the Amfleet car. 
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E.7.2 Passenger Cars in General Service 


The American passenger car is the Horizon car of Amtrak, which has a weight of 50 tons and a length of 
85 ft. 


The European passenger car for comparison is the UIC Standard Coach, which has a weight of 51.8 tons 
and a length of 86.6 ft. 


In order to obtain comparable figures, the weight of the UIC car is adjusted in proportion to the 
difference in length compared with the Horizon car. 


Adjusted weigh of UIC car = 51.8 X (85 / 86.6) 
= 50.8 tons 


There is no weight penalty resulting from this comparison because the adjusted weight of the UIC car is 
0.8 ton greater than the weight of the Horizon car. 


On the basis of the two sets of calculations given above, it can be concluded that there is no weight 
penalty involved when adapting European passenger cars to comply with the Tier I FRA Safety Rules. 


E.8 Conclusions 


1. The calculations for the Tier I case demonstrate that the weight penalty is in the order of 8 % for 
European locomotives when modified to conform to the Tier I Safety Rules for operation in the 
USA. 


2. The calculations for the Tier II case demonstrate that the weight penalty is in the order of 9 to 10 % 
for European locomotives when modified to conform to the Tier II Safety Rules for operation in the 
USA. 


3. The calculations for the Tier I case for electric multiple unit trainsets suggest that the weight 
penalty is in the order of 10 % when European trainsets are modified to conform to the Tier I 
Safety Rules for operation in the USA. 


4. The two sets of calculations for passenger cars demonstrate that there is no weight penalty 
involved in the modification of European passenger cars to conform to the Tier I Safety Rules for 
operation in the USA. 


5. The calculations for the two groups of locomotives and the electric multiple unit trainsets suggest 


that it would be reasonable to assume a weight penalty of 10 % when evaluating European 
powered railway vehicle technologies for potential application in this country. 
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